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N. Then you miſt think me Wie 


| changed | ſince I went, \toCaMBRIDGE. You 


know I always Loved and eſteemed”. 
on account of the goodneſs of you 
which ſhone forth wich the greateſt luſtre 
in the whole of your deportment —I am 
- ſtill the ſame as before, excepting the im- 


provement I have made at that famous uni- 


verſity; where, not only the ſublime ſci- 
ences are taught 1 the greateſt maſters, 
but the truths of the Chriſtian religion 
proved in the lectures which I have con- 
ſtantly attended. Vou know that you and 
I uſed to converſe familiarly before 1 went 
thither: let us do ſo ſtill. 
E. Dear brother, I cannot 8 5 
auch you oblige me by-. this, behaviour — 
I was afraid before to tell you my mind; 
but now I will, eſpecially as you are to de 
here for ſome conſiderable time. before you. 
| ſet out upon your travels. What I want 
to learn of you cannot be done, T believe, 
without taking up a great deal of your 
time; and perhaps you may "think me too 
vain, in wanting to know what the bulk 
of mankind _ our r ey have no bulineſs . 
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1 honour the Bible, and. it aſſerts. the con- 
trary. Now, I ſee ſo many things in that 
Book which appear to me to be above all 


the powers of human compoſition, and 
carry ach evident marks of Divinity with 
them, as are ſufficient to convince me that 


they could proceed from none but Gop: 
and therefore, I had much rather david 


all my inelinations to learning, than learn 


any thing that would . ny; mind 
againſt the Bible. 


N. Dear ſiſter, I adrhire the 3 of 
your heart. —You may depend upon it, that 


the ſtudy of aſtronomy will never have the 


leaſt tendency. towards prejudieing your 
mind againſt the Scriptures..— You: know 
that we cannot 'take. every thing there in 


the ſtrict literal ſenſe. If we did, we ſhould 


believe that Our Saviour was actually a 
vine at one time, a door at another, and 
at a third time a lamb. The Scriptures 

were given us, to teach us what 'we ſhould 
believe, and. hom we ſhould behave, in 
order to attam and ſecure to ourſelves the f 


favour of our Maker here, and our per- 


petual felicity hereafter; which are hgh. 


Rely: more intereſting to us t 
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other Kerle and wealth 3 in the world. 
— They ſpeak according..to the common 
apprehenſions of mankind, in thoſe points 
which are merely ſpeculative, and have no 
direct tendency to influence our morals ; 
and, as they never were intended to in- 
ſtruct us in experimental philoſophy, or 
aſtronomy, er in any thing elſe that we 
could acquire by our own induſtry without 
them, nothing that regards theſe ſciences 
can either be deduced or inferred from 
them. — One might with as good reaſon 
take up a Taw-book and expect to find a 
ſyſtem of geography in it, as take up the 
Bible with a view te find a Hitem of aſtro- 
nomy therein. 
E. What you have Gia 48 rational wr" 
juſt; and now, if vou pleaſe, I ſhould 


be glad to enter upon our intended ſub- 
jekt: If the ſun does not move, pray, to 


N | what is he fixed? and what hinders him 


from falling down to. the earth, when he : 


is ſo high above it, n at noon in 
ſummer 3 g 


1 High and bows are 5 8 terms; TEE 
| for, when the ſun is at his loweſt depreſ- 1 

| La with reſpect. to us, he is directly « over- 
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head to ſome other part of the earth; for 
the earth is round like a globe, and on 5 


whatever part of its ſurface a perſon f ſtands 
upright, he thinks himſelf to be on the 
uppermoſt ſide; and wonders how any one 


can ſtand directly oppoſite to him, on the 
undermoſt ſide of the earth; or rather, 
how he can hang to it, Wick his head 


downward, and not fall off to the lower 
85 65 

erbt 18 what 1 1 5 I wonder- 
as at when I have heard it affirmed that 


the earth is habitable on all ſides; or that 


where towns cannot be built, ſhips. may 
fail. How comes it to paſs, that the weight 


of a ſhip cauſeth it not to fall off from the 
lower ſeas; or that theſe ſhips and ſeas do 


not fall off to'the lower ſky altogether? 5 
N. What we call weight is cauſed by ar. 


tractim.— The eartk attracts all bodies on 
or near its ſurface, towards its center, 


equally on all ſides, every particle of mat- 


ter alike; and therefore thoſe bodies which 


contain the greateſt number of particles of 
matter, acquire from this attraction the 
greateſt and moſt forcible preſſure; and 
e have (chat we call) the 


greateſt | 


* 2 
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| yreateſt weight —The'carth may b. 
_ pared to a great round Toadſtone. rolled i in 
filings of iron, Which attracts equally on 
all ſides; fo that they cannot fall off even 
From its undermoſt fide : nay, it Will take 
them up from a table, if they be within 
the ſphere of its attraction.— By and by, 
you ſhall be ſatisfied with \reſpo{t to beg 
query about the ſfun., & 85 

E. 80 far 1 underſtand you. very well; 
but ſtill it ſeems odd to me that people 


ſhould ſtand oppoſite to us on the, earth 


With their heads dowWnward. 


N. I believe it does; but yo Hache 
that- either the ſun muſt go round the 
earth to us days and nights, or the 
earth bal oo turn 2015 like a globe on its 
axis to do ſo: and will not either of theſe. 
| motions anſwer the interided p purpoſe ? 

E. Undoubtedly it will. 

N. Now; as I have no nd to OY 
you, and ſhall in due time prove every 


that I advance, even to your own. 


- GatinfaRtion ;- I do fay, that the ſun de 


not move round the earth every twenty 


four hours, but that the earth turns round 
5 e hours: and as the ſun can 


"BSD: 55 only 


OE 


| minute. 
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apy; enlighten one half of the nth at 


any given inſtant of time, and the other 


half 6515 then be in the dark; this mo- 
tion of the earth will cauſe the different 


places on its ſurface to revolve through 


the light and the dark in twenty-four 


hours; in which time, of courſe, they 


muſt have a day and a night: and at the 


inſtant when it is mid-day at one place, N 
it muſt be mid- night at the oppoſite, — 


Do you believe what I ſay with es to 
the earth's turning round? 


E. I do, becauſe Iam fully ſatisfied that 
you would not willingly 3 me; 


and you have promiſed t to prove. that it 


ans... : 
N. Then, be pleaſed to ſtand up a a 
It is now ſeven o'clock in the 
morning, and you think you are ſtanding 
upright, on the uppermoſt ſide of the 


_ earth —You will think the ſame if you 


ſtand upright at ſeven o'clock in the even- 
ing, when the earth has turned half round 


| becauſe you will then perceive. no differ- 
ence of poſture : , and yet, at that time, 
you will be very nearly in the ſame poſi- 


tion as a perſon is juſt now, who ſtands 


On 


_ 
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on the ſide of the earth oppoſite to us: 


which perſon being as ſtrongly. attracted 
by the earth there, towards its center, as 
we are here, he is in no more danger of 
falling off downward, than we are at Pre- 


ſent of falling upward. 


E. Pardon me, ſir, if you bad not been 
at the univerſity, I ſhould have thought 
falling upward a very improper expreſſion. 

VN. So it is; and I do aſſure you that I 
never heard ſuch an expreſſion at the uni- 
verſity, nor do I remember ever to have 


uſed it before. But, to proceed. 


_Up and down are only. RY terms. 
Let us be on what part of the earth we 


will, we call it up toward the ſky over our 
| heads; and down toward the center of the 


earth, to which all terreſtial bodies would 
fall, by the power of the earth's attrac- 
tion. So that, with regard to open ſpace 
what is up from any given point of the 


earth $ ſurface, is down from the oppoſite 


point thereof. And as the ſky ſurrounds 
the whole earth, we call it zp toward the 5 


ſky over our heads, be where we. will; 
and down from our place toward the center 


of the earth. | 
4 . Then, 
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E. Tln to be fure, we cin Pacer 
no difference, as to your poſition at dif. 


ferent tintes of the day. You | have gate 


fatisfied me in this: but, pray, oy can 
LY. 


the Ce” move, and we r not pak its f _ 
nou: e 


N. 1 heard Tt were at e Plymouth ld > 
not. then the Ling to | 


year; had 


K a 1 e- 


E. My. papa 131 1 went. to the Dock, 


with a ſmall party of gentlemen and | 


ladies. Mr. Falconer, who was then maſter 


of the Belleiſle, . happened to be on ſhore; , 


and obſerving that we were 


moſt politely invited us to ee Ke 7 
Which was then lying, with many. others & 


in the Hamoaze. We moſt willingly ac- 


cepted his invitation, and he took us all 


out in his boat; ſhewed us firſt into the 


—— 


cabin of the ſhip, + and, as it was in the 


afternoon, he genteelly treated the gentle- 
men with wine, and the ladies with tea; 


after which, he ſhewed us the whole in 


ſide of his ſhip of war. The way chat 

the different apartments are laid out, eſ- 

1 the e and how ; 
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N rr Fats the he 2 
bother things which e 5 mem 5 
ber, was a ſight not only bighlyem gain 
- for the art. of man to contrive and | 
uch awonderous huge machine, and hoy | 
= could be 1 conducted throu gh | | 


N. 1 i is i indeed? t how in — 
35 finitely more ſo is the power and ſkill. of 
4 1 a wk the univerſe, ow” who 
Tm are. (one of which 


| 4 — in the rackles 3 e 
1 us, "with ſuch degrees of ſwiftnels' | 
as you will be amazed to hear of; ang 
= at the end of each circuit they begin 7 

| the ſame over again, at the ſame parts _ 

OM "of ſpace from wh he ſet them off ER? 
apartments of the ay, wil nen, dear WE 

1 :ompared,”': — 5 with the frudture 3 
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7 ee r 
E. Scaree a breath 1 0 wind was ſtirring : 
the ſan ſhone clear, 5 made the for- | 
face of the water arou „ have a very 
pleaſing aſpect: and the debt of the ſhips 


wee prof | | 

VN. 1 ſuppoſe you looked out Sonny] : 
the cabin windows whilſt you were at tea. 
—Did you 1 the fame 125 all the 
while is 

E. locked out often; the firſt 
object I faw was a 7 houſe . in the 
Dock- town; but it ſeemeth to me as if it 
moved very ſlowly toward the 3 
I foon loſt ſight of it, and other objects 
appeared to my view, and diſappeared 
ſlowly and e which could ariſe 
from no other cauſe "than. the very flow 
| and gentle ub of the ſhip * e 


f N. True: : but did! you feel the motion: « 
the ſhip? ? 


4 Not in hs leaſt ;. W 4 3 
company agreed, that if we had: not = . 


about us, and of the town, was A | moſt — 


* 


* 


as the motion of 


* 


art can contrive. 


— 8 5 ® 1 
e Ws 4 2 ; l 
E. J confeſs it is 


ſhip, or any 


ſun, moon and 


that a ſtone or ball 
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ſtone as diſengaged frum the earth, anc 


© N:2Your abſervation is very ſenſible.— 
But you ought to conſider; cha gay bod 
+0 16: put: ãnto mation will 

in that motion till Jome thing eder 
9 — u aſüde, or ſtops i its gourſe: The 
ſtone raren — before 
zed. therefrom : the perſon 
ho jock up had the ſame motion; by 


n 


the ſtone; and therefore its motion : was 
wre while it was riſing ant 
falling in- tlie open air, as the earth sm. 
tion- 18 ao that ĩt could: not! miſs falling 5 
down-agairy ypob the ſame part of the 
cCarth. And eee hate ap⸗ 
peared to a ſpettator to e de 

inithe ae g a 


0 26: 
If a large boat 3 end 
the ſhove, two perſansoppolite-to one ano- 5 
e in the Boat might 'tols/ a ball te ssen 
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in the . to move forward and backward 
in the ſame line, yet, to an obſerver on 
once ; 1 


I was quite inſenſible both of its wt of 

and my on. But when it ſtopt ſuddenly- 

againſt the bank of the river, I fell for- 
|  ward'on my face, and was much hurt by 

I the fall. Whereas, if 1 had not, Wirthouʒt 1 

knowing any thing of the matter, natu- 

_ rally perſevered in the motion given me by 

„ 1 A ang 1 n not have fallen when it 

N. Indeed, EuposlA, you have given a 5 5 

true philoſophical account of the cauſe of 


PRE. 


ore eter one IN _ 
— 5 For pole 
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ü your falling: and now, I think we 1 
* Bop" the ara have done talking of his 
E. I think fo too; for, 1 
fall makes me almoſt imagine 1 ſtill feel 
I - it —But, pray, how do you prove e that the 


, _ earth] is round like a globe OY i 

. N. Iwill prove that immediately. The | 

Lo” fun ſhines in * vin dow 
N. r patience a minute; 49 | 

at this ſmall globe in my hand, and the 

flat circular plate that lies on the table. — 

You ſee the globe may he hung 


. 
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e Which is faſtened to it. Ee now 
twiſt the thread, and hang the globe by 
it in the beams of the ſun; and the globe 
caſts a ſhadow on that upright board be- 
hind it. You ſee that the globe turns by 


the untwiſtin g of the thread; but let it 
turn how it will, it always caſts as round a 
| ſhadow on the board as if it did not turn 
at all. —Inow fix a thread to the edge of 


the flat circular plate, and hang the plate 

by the thread a little twiſted. You fee, 

that when the broad-fide of the plate faces 

the ſun, it caſts a round ſhadow on the 
board, as the globe did: but as it turns 
obliquely toward the ſun, by the untwiſt- 
üng of the thread, its ſhadow is of an oval 


- figure on the board; and when its edge 


is turned toward the ſun, its ſhadow - on 
the board is only a narrow ſtraight line. 
3 All this is plain; but I cannot ima- ba 5 
gine what you are to infer from it. 3 
VN. The earth always caſts a W to- 3 
ward that part of the heaven which is op- 
poſite to the ſun; and the moon appears 
as flat to us as the board on which the 


ſhadow of the ſmall globe was projected. 


When the earth's ſhadow. falls en the 


8 „ moon, 
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moon; we ſay, the moon is celighd.. T eſe 
| eciples happen. at all different times of the 
twenty four hours; and, conſequently. 
when all the different ſides of the earth 
are ſucceſſively turned toward the Sun. 
But the earth's ſhadow. on the moon is 
bounded. by a circular e 
thanking, it is plain, that the earth : 
be of; a globular. ſhape. — —For, if it were 
ſhaped like bis flat cireular plate, its ſha- 
dow on the moon could never be. circular, 
but when. its broad-ſide. was: turned direct- 
I toward the ſun. At other times, the 
ſhadow would be either of an oval figure, 
or only a e line, as you, have = 
on the board. There are ſexeral | other 
ways of proving; that the earth is round, 
but I. believe. you. axe ſatisfied that, it is G, 
from what I have now ſhewn yu, 
E. I am entirely - ſatisfied; and therefore 
more proofs. would be ſuperfluous. But 
I ſhould. now. be glad to know” how yu 
prove that the earth turns round; and that 
the ſun does not go round the earth. 
N. Before I proceed to the dementia 
tion; I will. aſk you a very plain queſtion, ET 
- wich 4; hope you will not. kale —amiſs, 
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now 1 will 
prove to you, tl at the ours round 
every twenty-four hours; not upon any 
material axis, but on an.imaginary ſtraight 
line within itſelf, paſſing through its cen- 
ter, and be A g in its North and 
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band! Ih the av. ... of 
Water naturally runs 
Ry JA the earth, from t 


ſe N which OS 


oh; or vaſt 3 2 
d by the pow-•er f 
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the water and all other bodies that Way. 
Now, if the earth was erfedtly ä 
55 | and ſmooth like a poliſhed globe, All 'thÞ - 3 
parts of its ſurface would be equidiſtant 
from its center; and water could never 
run upon it. About chree · fourth parts of, . 
the earth s ſurfa © ered with the ſeas, Sy 
which join or- communicate with each 5 ö 
other. And if the earth had no motion 
round its axis or center; the attractive 
force (hic is equ L a around at equal 
diſtances from the en wid cauſe 
.the ſurface 0 ſes f 


Und. ubtedly it would: for then, . 
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© . earth's center, and theſe particles do touch 

each other; none of them could get mear- _. 
er the center than their weign durmg 
1 5 18 e 
N. Right. And now, W the 
earth to be gt reſt, and the ſurface of thjge 
and ſeas to be perfectly globular; 

what do vou think the conſequence would 

be, if the earth ſhould begin, and conti. 
nue to turn round on a line within i- 
ſelf, as if it turned on a real axis? , 
| E. Let me think a little —I "FO ob⸗ 
1 ſerved, that when our maid took her mop 
out of a pail of water, the head of the 
mop was round: but when ſhe began to 
trundle it on her arm, it immediately 
became flattened at the parts of the ſtick 
which were even with its ſurface; and 
it ſwelled out in the middle. Pray, bro- 
ther, if I may be allowed to eee 
odd ſort of a compariſon, may not 
-imaginary line in the heart of that — 
of the ſtick which is within the mop be 
called the axis round which the mop 


| turns; as you have Me that Yuch a 
| | Joe within the earth earth, from its North to 
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its South poles, is called the axis of the 
—- earth?--If ſo, ſeeing that the waters on the 
earth are of as yielding a nature as the 
cotton of the mop ; 1 apprehend, that if 
the earth turned round its axis, the ſurfaco 
of the ſeas about the poles would 5 
flat, and the ſurface of the ſeas which are 
fartheſt from the poles would ſwell out, | 
All round: and fo, the figure of che earth 
Would be like that of a whirling u RED. 
© = A No philoſopher could- have inde" A 
more apt compariſon, nor have drawn a 
better concluſion from it. When 1 told 
ou before, that the earth is round, I did 
got mean that it is ſtrictly ſo; although 
at the diſtance of the moon, it would ap- 
pear: to be round, as its ſhadow on the 
moon does to us. I do not here conſider 
the hills as any thing, becauſe they are ſo 
| little in compariſon to the whole bulk of _ 
the earth, that they take off no more from 
' Hs roundneſs in general, than grains of 
duſt do from the roundneſs of that ſmall 
three inch globe which you ſee on tze 
table. I is quite round, and covered al!!! 
over with paper, on which there is a maß- 
Ee 00s on the rt ſur- 
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| face... The middle line (ke Fig. g. 3 8 
PLATE I.) or circle, that is drawn round 
it, is called the Equator, which divides the | _ 
globe into two equal parts, called. be 
Northern and Southern Hemiſpberes, or half 5 
globes. The North and South Poles are tlie 
middle points of the North and South hemi- 
ſpheres, each pole being a quarter of a cir- 
cle diſtant from each point of the equa- 
tor, all around: and a ſtraight line drawn 
through the center from Pole to. pole, is 
called the axis of the globe. | . 
If the thin papers were ſcraped off ae 55 
the poles, and almoſt half way round 


them toward the equator, the globe would 
be a little flattened at the poles, and com- 


* paratively ſo much ſwelled out about the 
_ equator ; but if it were then viewed from 
the diſtance of fix or ſeven | feet, it would 
Mill 1 to be round. by 
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: _ ſervation, the earth is proved to be a little 
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About the equator; the equatorial diame- 

ter At. the earth Og: a _ 
"OR. wo 


ut what of al 0 . 


Po 


* BIT 


3» the Sk as s you will 15 


1 


dern KONOMY- . 5 
| ger than che axis or polar om; 
This mp at < think A fed) * but it 


45 * | 


I tell you, that no leſs than 25,000 Engliſh | 
miles would meaſure it round: and the 
higheſt mountains that are known are 
not three miles of perpendicular height. 
Now, as water naturally runs downward, ; 
if the earth had no motion on its axis to 
keep up its figure, the water of he, as 
would run from e highs ver parts a 


poles, and 5 this 5 5 gions 
many hundred miles all around; and 
even Britain itſelf would be laid ſeveral 
miles under water.. 

E. This is a very 1 . per the. 
not returning of the waters from the ſeas 


- About the equator, is to me an evident 


8 of the earth's turning round its 
axis; without which, the ſurface. of the 
waters would become of a general round- 
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| higher about the equator, than OR * 


is about thoſe places near che poles, * 
the earth's quick motion about the equa- 
torial parts would cauſe the waters to riſe 


there. For 1 ſee by the globe, that there 


are great quantities of land about the 


: equator, and many ſmall iſlands 1 
ſeas, which are not overflown, - 
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E more you know: of walz lt. 


ters, Eudgſia, ſtill the greater ee you 


will have to admire the power, and adore 
the wiſdom and goodneſs of the Deity. 
E. uIndeed, brother, I believe I ſhall.— 


eee begin to think, chat if an 


atheiſt e be perſuaded to learn Aſtro- 
nomy, it would Joon” cure ber A. his 1 Inte 


| is, 


N. 80 is 6 often thought, ſince 1 knew . 
any thing of the matter. 


E. I think you told me, that almoſt | 


three fourth parts. of the ſurface of the 


earth is covered with feas; and by look- 
ing on that ſmall globe, I imagine it may 


be fo. But you have not yet told me, 


how it is Ae that the earth's circum- 
"I" is 2 Ow * miles; and per | 
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95 What is called) G 
not have been known by any other Kind 5 
of learning. And ag ydu do not yet un- 
derſtand any part of that ſcience, I ſhould 
only Ty your head mo Ob * 
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1M: The ſurface of the eart y- part f | 
dur great globe is di into four great | 
tracks or ſpaces; called Purope, Afi RR. 
ca and America; as you ſee them laid out — 
on che ſmall three inch globe. 
According to meaſurement of the beſt | 
maps, the ſeas and unknown parts of 
land contain 160, 522, o'26 ſquare miles; 4 
the inhabited parts 38,990, 569 „„ 
4.456, 65 ; ' Afia © | 10,768, 823; —_— 8 
9654. 807 America 14751 10, 874. In all, 1 
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globe. NESS e 
E. N the 8 bulk of the 5 
earth ; but infinitely more ſo, the 8 | 
that Dey have ſet it in motion at firſt. 
VN. Nothing is great or ſmall but in > 
compariſon. We are very big when com- 
pared with animals which can be. ſeen 
only by the help of a - microſcope: the 
_ earth is big indeed when compared with 
ourſelves, who live upon it: the un | 
Jupiter is a thouſand times as big as 


earth, and the ſun is more eee e ne 


ſand: times as big as Jupiter; — If you ſo 
juſtly admire the power that put our ſmall 
planet the earth into motion, how much 
more muſt you adtnire the power which 


put the whole planetary n e us 
in motion! 158 8 


EA fink into ee in my own 
mind. Alas, what have we to be proud 
.of ? If I had been proud before, Aſtrono- 
my would have cured me e of 
| it. 7 

N. Indeed it might cure any one _ | 
. : and 1 believe no aſtronomer can 

be 
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be eit her proud or impious But hark! | * 1 
—the bell rings for breakfaſt; I thought 


to have fatisfi your query about „ 
5 fun, but muſt leave it till the next oppor-. 
Be ſure then to put me in F 


fterwards to talk about the 1 
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ELL, Kiſter; ; what became of 
yeſterday after breakfaſt? I went 
to my room immediately after, — 
you would follow me, that; we mi t 
have. a little converſation. But, 
of tbat, you have 


I never ſaw you the whole day afterward - 
except at dinner ppet „ 


Eudgia. Indeed, brother, I was ſo much 
pleaſed with what you told me 
morning, that I was willing to make the- 
moſt and beſt of it that I could; _— 
fore employed the reſt of my time 
writing down every thing that 1 could 


remember 
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you never told me before, that the 


goes round the ſun. The earth then has 
Ne. one to its vis in twenty - 


or gravitation, which is conftrated 4 the 
power of the ſun's attractioon. W 
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# er 


"a I fee that the" earth's — 


1 think the fan en require ug 


tion too, in order to give him a centrifu- 
gal force; without which, it ſee 8 
that, big as he is, the earth's enen 
would pull bim 'out” of his place. For, 1 
"remember, "that "the FN, Wo ing | 
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'E.I r W "that we 
8 ſupport the center of gravity between 
the two balls, becauſe, otherwiſe, they 
would have fallen to the great earth by 
the power of its attraction. But, as there 
is no greater body than the ſun and earth 
to attract them. they could fall no way 
but toward each other: and. - therefore, 
the common center f ravity betwee 
them needs nothing to ſupport ſt. 

N. If you had aſked the queſtion, 1 
mode h ve told you the very fame 
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eaſily learnt ee eee, you have 
to be vain, even. Is — 4 wont 


8 of it, lien T'inform | 
you of „eee. Hp fats. Wir 
You have alrea Pas wen 


a N. Yes? there, are be tle 5 


Ro 


Mars, er, "and 232 
E. Then, . ſun muſt be Wr 


„ 9 $5 4 in 1 * 4.5 5 
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Eons cond never. an vain ; "Of 155 
fore 1 begin to 19 N oF 1 ther 


* 


upon lifeleſs. — gmmnmny * 


were n rational creatures upon them to 


che benefit af his hight, 


. 


you. — — — f 
your belief that they are inhabited. They 
turn round their axes, a$ vir earth turns 
round: s BASE For which plain reaſon, 
his: and the two which Are Fartheſt From 
the. fn, namely, | and Suu 8 and 
nent chm out earth s; | have mobs to 
1 Wem, 4 8 and Barum 


Redo ks LS 


theit being inhabited; een as 
make us think, that we are but a ſmall 


. To me, his: is 1 


part of wie erestion, or of the favourites 
of heaven: and thitt all che regards er 
eee e to our din. 


2 18 3 
: ha OY 13 


GOD loves lib creatures, a5 8 ee 
by what he heeh dene for us, wha, + 
haps, deſerve 126" of his Favour than he 
inhabitants of all the 6ther Planets 4s, 
taken together;---It i is as caly +0 him to 
take cure of thowfands of millions as of 
bone individual, and te liſten to all their 


1 The VouN rauen and 
| various requeſta. On * gunt of hi8 0 om. 
nipreſence, nothing can eſcape his no- 
tice; and on account of his omniſcience, 
No & ing can eſcape his knowledge... 1 FT 
E. And, as his omnipotence may be in- 
ferred from his works, ol bes, often 
thought; ſs his 0 odneſs- 


power eee tor 1 1 --\ 
certainly bas power — * 
the world; and, conſequently, if bis N 
neſs were not equal to his power, he 8 
Pan us ſeverely for breakir ; 
VN. I believe, ſiſter, a 
rence was never made, a 7% of 
E. Do all the planets 8⁰ round the ſun 
in a N as our earth doe? 
N. No: thoſe which are neareſt the 
5 go ſooneſt round him, and thoſe 
which are fartheſt from him are longeſt | 
in performing their: cinem: „ 
E. And do they all move round the 
center of gravity between the ws; on 
| A, as round a fired 52 5 120 ate rüclbeltri 
1 They do. „„ en e 
E. Then, as the 


ſes kw is ſhah can- 


ty between him and them all. For, in 


de that the fun ſhould move regularly 
K all the planets 
d be Joined 22 1 9875 in one 


"fp 2 b ory tus; nd we aut r. 


a 2 n 


degrees. What I ſhowed you by 


the Fire was only on ſuppoſition,” that 


there is but one planet belonging to the 


and going round him 
periods of time, he is only agitated. (as it 
were) round the common center of gra- 
vity of the whole ſyſtem; and deſeribes 


no regular or perfect circle round it, but 
is ſometimes nearer to it, and at other 


times further from it, according as he is 


attracted by a greater or ſmaller number 
| of planets toward any ſide of the heavens. 


E. In what tines do all the Bos 80 
round The nf 


N. Mercury in 87 days. 33 *konrg; of 


vr Ks 


our time; Venus in 224 days, 17 hours; 


the Barth in 365 days, 6 hours; Mars in 
8 686 9 27 Hours; Jupiter in 4332 
ays, n 


round the common pw of gravi- 


But as there are fix belonging to him, 
him in very different 
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days, 12 hours; ant Sun in 101% 5% 


7bours: bee eee —_— 


by South, to eaſt; He 

E. And do you know what, their diba. 
fm ide fla s 

N. Their eamparative. A kram 
the ſun have been known long ago, both 
by the laws of nature, and by obſerva- 
tion, and are as follow. W ſuppoſe 
the earth's diſtance from the ſun. to be 
divided into 100, oo equal parts, Mer- 
cuts diſtance from the ſun. will ba equal 


to 38.710 of theſe parts; Venus's diſtance 


ad * 


72,333 Mars's diſtance 152, 3693 Jupi- 
ters ſtance: $20,096 + ay Neuf duf- 


tance 954,006. 5 
E. And can you tell hove many. wile 
are contained in theſe parts? 


N. Not ſo exactly as we could wi aſh; 
yet aſtronomers have come much nearer 
to the knowledge thereof, by the late 
tranſit of Venus over the ſun, on the 6th. 
of June 1761, than ever they were be- 
fore. But we muſt yait with patience till 
the year 1769, when there will be a much 


berter tranſit of that planet over che ſun, 


in the evening of the third of June; 


We 


which Means, If it be properly 
at different places of the earth, the dimen- 
"Hons ef the whole ſyſtem wiſl be very 


00 well to embrace iat opportunity, be- 


n 
an hundred years afterwatd. The method 


of finding theſe diſtances by the tramiſit is 


eunnet at preſent make you underſtand. 


E. But, del me what theſe. diſtances 


ufd, bd dcdaced from the Hate: 
Ku 476 R : 


it in 


} 
| 
ö Ch \4 


* Mercury's. Ae from: the ſun is 
306847466 Engliſh miles: ws's: dif- 


95, 74,000: Mars's: diſtance 145,014,148 : 


Jupiter's diſtance: 492.900,70: and Sa- 


turm Aiſtance 909,9 56, 130. 


. Theſs diſtances - are ſo. 3 


Bran that I can form no ideas of them. 

W Then 1 will endeavour te render 
them 'thote- familiar to you. For we are 
generally: fo much uſed to ſpeak. of thou- . 
Tanitls en | that * haye a 
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known, And the aſtronomers oy | 


Parey geometrical; which, as you. have 
nt yet learned any thing of geometry, I 


tance 68,891 486: the Rant diſtance 
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loſt the idea of the numbe 
” Hants a. yi arg projected fr 
ſun, ſhould continue to fly at the rate-of - 
480 miles every hour, (which is much 
about the ſwiftneſs of a cannon- ball) it 
would reach the orbit of Mercury in 8 
years, 276 days; of Venus in 16 years, 
136 days; of the Earth in 22 years, 22 
days; of Mars in 34 years, 165 days; | 
of Jupiter in 117 years, 237 days; and 
| of Saturn in 215 years, 285 day 
E. Amazing to think that a cannon- 
ball would be upwards of 200 years in 
going from the ſun to the remoteſt planet 
of the Ane The diſtance maſt indeed 
de immenſe?! .. -_. \ 
VN. Great a pen think: it, (and.to- be 
ſure great it is) yet ſome of the comets 
go almoſt fourteen times as far from the 
ſun as Saturn is: notwithſtanding Which, 
they are then nearer to the ſun than to 
any of the ſtars. For if any comet ſhould 
g0 as near to any ſtar as it is to the ſun, 
ven fartheſt from him, it would be as 
much attracted by that ſtar as it is then 


by the ſun; and its motion being chen 
toward : 


never hear of it any more —And" now, 
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e ſtar, it v would go on, | 
come a comet to that ſtar ; and we ſhould _ 


p * 
* a 
4 | 4 
F 
as. 


of the ſtars? 
E. lam i 


* 


bene were no comets, | ow is there any 


other Y which we might know 


that ee 

. i fhall on only tell you of one Way.— 
If we are at a great diſtance from ' tro 
3 houſes, 
ſmall;; and dt a tile diſtance from" öns 


S 


. ee But as we approach nearer and 


nearer to them, 


ſeem to grow big. 
, and the diſtance betyec 

You know: this. K 

8 5 Very well: pleaſe to proceed. 

N. The earth goes round the ſun every 
year, in an orbit, which is upwards of 
190 millions of miles in diameter. 
1 we are 190 millions of 1 
nearer to ſome of the ſtars juſt now, than 
we were half a year ago; or ſhall he half” 
a year hence: and yet, for all that, the 
ſame ſtars Kill appear to us of the ſame 
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magnitude, . 
each other, not only to the bare eye, but 
>, 0: when viewed by. the be 


: that the 8 N of 5 4 9 


orbit is but a dimenſionleſs ES com- ; 
| pardon to the UW 


(and, 1 thould think, end ine) ab. 
tance of the ſtars, would be | 
But, as we were talking about the comets, 
pray, are they not dangerous We are 
always frightened, when we hear of their 
_ appearing, leſt theix, ferry at 
burn the world, 
N. That is owing to pennt not ki. 
ing better. The orbits of the planets are 
all nearly in the ſame plane, (as if they 
were circles drawn, on a flat 2 3 
all of them he to the met — 
planets, and alſo to each othen, that no 
comet can ever touch a planet. And; as 
to thoſe appearances, which are called the 
tails of the comets, they are only thin 
vapours, which ariſe from the comets, 
and ach * not — planet, if 
; it 


Labs 


it odd Happen to $6 6 Silt chat Va- 
pour whien the n is croſfing the Plane 

in which the planet s orbit liek” | 
trains were fire, we couſd not 

thing through them that is beyond. 
For, if you hold a candle between 


Ne atidany objec, you cannot fee that 78 . 
jet th rough the Wa of the cande; but 


the tall 


the ſmalleſt ſtars + are ſeen throu h 
of Icom. i EG 
OM N N, you E54 e the on 
inn be en er to Chriſtianity b E 

be burned'; which; we can 
. Heve will be within the Hind that you 
and I can live, accord 8 by the ordinary 
| courſe of nature 1 
"Bs," brother ; tap peo Wk who go 
into thoſe remote parts ie Chriſtanity 
was never heard of, behave ſo unjuſtly 
and cruelly to the poor natives, as might 
rather frighten them from the chriſtian 


religion, than induce them to embrace . 
I confeſs I am not at all ſurpriſed, when 


1 hear, that the native Americans riſe 


"theſe 
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_ thoſe du call themſelves Chriſtians,” on 


account of their barbarous ways s of uſing fp 
that people. 185 
VN. It is not at all to be wondered at = | 


for their principles are, Good for good, and 
Evil for eil. 


E. As it — me melancholy © think > 


or ſpeak of theſe things; I beg we may 
reſume our intended ſabjett. Conſidering 
how far the planets are from the ſun, and 
in what times they go round him. they 
muſt move very faſt in their orbits. I 
ſhould be glad to know how Oy" miles 
they move every hour . 

N. Mercury moves * Engliſh 5 
miles every hour; Venus, $0,295; the 
Earth, - 68,243; Mars, 55,287 = 
29,083 ; and Saturn, 22,101... 9 

E. And ſo we are carried 68,243 miles Z 
every hour, along with the earth in open 
| ſpace, without being in the leaſt ſenſible 
of that rapid motion. | 

_ N. Weare indeed, ſiſter. 

E. And can you tell me 2 mag- 88 
nitudes of the „ an.» 

N. When the diſtance of an object i is 
known , there are * nn. 2 
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"i deddeing its. reat bulk fröm its appa- 
rent bulk.—According to the fore- men- 
- tioned” diftances, - the ſun's diameter is 


893, 760 miles, (and conſequently he is 


1, 410, z00 times as big as the earth); 


_ Mercury's diameter, 3 100; Venus's, 93603 
the Earth's, 7970? Mars's diameter, 5150; 


Jupiter's, 94,100; and Jr 8 GR - 


 77:999 Engliſh mites.” 
The moon's aner from Oy 


meter is 2170; ſhe moves (with reſpect 


to the earth) 2290 miles 1 in her orbit eve- 


ry hour; and ſhe goes 


the earth, 


from change to change, i in Ne borer nn 


hours, 44 minutes. et 
bee has four moons, _ Ad 


Wii in different times and at different diſ- 
 tances. His firſt, or neareſt moon, goes 


round him in 1 day, 18 hours, 36 mi- 
nutes; the ſecond, in 3 days, 13 hours 
15 minutes; the third, IG 7 days, z hours, 


59 minutes; and the fourth, or fartheſt 
moon fern TW, 1 in 16 . oe hours, Fs 7 


minutes. 7s 
- Saturn vas IN mobi 


"My | 19 


center 18 240,000 Engliſh miles, per PR 2 


the — © 
which goes round him in 1 rey 21 hours, 
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19 minutes; the ſecond, i in 2 days. 17 


hour Sz 40 minutes; the third, in 4 days, 8 | 


12 hours, 25 minutes; a pre in 
5 days, 22 hours, 41 minutes. | d the | 
fifth, or outermoſt, in 79. days, 7 
48 minutes. This planet is encompaſſi 
by a broad thin ring, ſet edge ways round 
it, eee ee that 1. ring from the 
planet is equal to the breadth of the ring. 
| The ſun ſhines for almoſt LS of, our years 

| her on the northern fide of the ring, 
then goes off, and ſhines as long on the 
ſouthern ſide of it: fo. there is but one 

day and one night on each ſide of the 
ring, in the time of Saturn's whole reyo- 
lution about the ſun, which takes up. alk 
moſt, 30 of our years. 

. A long day and night indes 1 * 
the inhabitants of the ring, if any ſuch 
there be. Undoubtedly, if it is inhabit- 
ed, it muſt be by beings. very different 
from us; as we have no reaſon to believe 
but that the DEI T Y has accommodated 
their days and nights as well for them as 
he has ours for us. But you told me, that 
the other planets turn round their axes, 


as our earth does: do they all turn * 
ay 


1 AD) % Aer IT] our. 5s 


the Bade a. 0 eaſtward „00 20 to cauſe 
the ſun and his — — 7 go round weſt. 
ward; and in What times do . turn 
round? = j 
EW ewin chen with good tele 
copes, we ſee ſpots upon moſt of them, 
which adhere. * e arid ap- 
pear atid difappear regularly « on their op- 
polite fides. By the , motions of theſe 
ſpots, Which are all eaſtward, we know 
that Venus turns round her axis in 24 
days, 8 hours, of our time; by which 
divide 22 5 of our days, the tine in yhich 
Venus 51 round the ſun, or the length 
of het year; and we ſhall find, that her 
year contains on 91 of her days: Mars 
turns round in 24 hours, 40 minutes, of 
our time; and Jupiter! in 9 hours, 56 mi- 
nutes. We cannot tell in what times 
Mercury and Saturn turn round their 
axes, becauſe no ſpots. have been ſeen 
upon them, even by the beſt teleſcopes. | 
E Theſun turns round his axis in 25 

days, 6 hours, from Weſt to eaſt, alſo. 
E. Why ſhould the ſun turn round? 
for, as be is the fountain of bght, He -- 
TIS: ee nights. 3 
— 1 N Te 


SLY 
Ti 


TY 
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N. To turn away his dark ſpots from 
| long facing the planets, and. thereby to 
diſpenſe his light the more. equally all 
0 him to the planets. But, are 
you not tired by this gs s long con- : 
verſation * | 
E. Far Fork it, brother, though I am 
ſure you may. But what ſhall I do? for 
I fear I cannot remember much of what 
you have told me this morning, ſo as to 
write it down. Fd 
N. Never mind that,  Eudeſia; for I be- 
lieve 1 ſhall publiſh theſe our converſa- 
tions, for the ſake of other young ladies; 
many of whom are, no doubt, willing to 
learn Aſtronomy, but have no body to 
teach them. And then you can have the 
whole together in print. „ „ 
E. If you do, Sir, I muſt inſiſt upon 
your not mentioning my nam 
VN. Your defire ſhall be complied with: 
and in concealing your real 8 1 ſhall 
alſo conceal my OWN. 
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©, fiſter ; 1 find you are not willing to 
ſlip the morning opportunity, when 
we can be undiſturbed, and by ourſelves. 
Hae you made any remarks upon our 
_ Eudofia. Yes, e the firſt place, 
5 remember you told me, that the planet 


moves 109, 699 miles every hour 
in its orbit, and Saturn only about 22,000. 


1 obſerved likewiſe, - that the further the 


lanets are from the ſun, they not only 
take longer times to go round him, but 
alſo move - ſlower in every part of their 


_ reaſon for this . 
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N. The nearer chat any planet 3 is to the 
ts; the more ſtrongly it is attracted by 
the ſun; the farther any planet is from 
the ſun, "the leſs is the force of the ſun s 
attraction upon it. And, therefore, thoſe 
planets which are the nearer to the ſun 
muſt move the faſter in their orbits, in 
order thereby to acquire centrifugal 
forces equal to the power of the ſun's at- 
traction: and thoſe which are the far- 
ther from the ſun muſt move the ſlower, 
in order that they may not have too 
great a degree of centrifugal force, for 
| booms bens ſun at whole 

E. Tben 1 andecfiing; kat the fares | 
We "omg at each particular planet, is 
equal to ths SN force of each 
planet; and, by that 'means; the Fir 
are all retainec int e my 
Is it not ſo? N a 

N. Adurately . Pe II 5 Fs 

E. Then, as o wer . he Deity is 
annals] in in having ſet off ſuck large o= 
dies as the planets are; with ſuch amaz- 


ing degrees of velocity; ſo his great wif 
dom is conſpicuous, in having ſo exactix 
adjuſted their TOE and, conſequent- 


ly, 


7 


forces, to the-diffe- 


„ the fan's. attraction at the - 


diſtances the planets are from him. Here 
is a wonderful balance indeed! Can there 
be an atheiſt ?— I am ſure; no man could 


 Jony told me of. 


N. Tis ſaid 5 eee boat they 
muſt all be ſtupid fopls—The, Almighty 
bas laid, the great book oſ nature open te 


our views fo; that, every one that runs 
may read, Suppoſing matter bad exiſtad 
from ctrnikyt (which; by the bye, 1 15; 100 
great iment te be paid to matter) 
En the greateſt; atheiſt in the world 


could hardly bring himſelf to believe that 


ſtones. could have hewed themſelves, 


bricks, made | themſelves, trees: ſhaped © 


themſelves into beams and boards, and 
mortar, made itſelf; and then all theſe ma- 
terials have jumbled themſelves together, 
ſo As. to. build a houſe. 17> And what 18 4 


houſe in compariſon to a planetary fe | 


ſtem; or the. ſkill required to build it, 


when compared wih the. onguization 


of; any inſet? + 


E. Nothing at . 1 am ans to 


lead you into digreſſions. Doth the 
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5 ee thi” fan's a tion 


proportion as the diſtance from him in- 


5 ereaſes; 
2 "NN, Net his ene force diminiſhes 
iy in proportion as the ſquares of the diſtan- 

ces (that is, as the diſtances multiplied by 
themſelves ) from him increaſe. So that 
at twice the diſtance from the ſun's center, 
his attractive force is four times leſs; at 


_ thrice the diſtance, it is three times three 


times, or nine times leſs; - at four times 


the diſtance, the attraction is four times 5 


four times, or ſixteen times leſs; and fo 
on.—And this we find, from the compa- 
rative diſtances of the planets from the 


ſun, and their different Ee in their 


orbits : beſides, I have often ſeen this ex- 


perimentally confirmed 15 a ee 


n The WO ARTOON, - 


i are ur planets i ry, as ht the h 


diſtance of the ſecond from the ſun is twice 


as great as the diſtance of the firſt; the * 
diſtance of the third, three times as great ; 


and the diſtance of the fourth, four times 
as great as the diſtance of the firſt: the 
fourth will be attracted only "with a fix- 


by 2 5 "tenth ; 
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5 ele cxattly ſolve your queſtion, 8 8 | 
vity acted as all mechanical 3 
n on the ſurfaee of bodies. 


* 


Let $ be the center of e eee 84, 


8 e, K & g. be, as it wefe, lines ef at 


tractive force, drawing the three ſquare 


plates A B, and C, toward S. Theſe Ines 
| touch only the four corners of the plates ; 
but we may ſuppoſe the whole ſpace with- 
im thene tw Þo ill of ſoaks attractive. lines, | 
laying hold of all the parts, or points (if 
Fo will) of the ſurface of each white 5 


every particle of matter in each plate re- 
quiring an equal degree of power to draw 
it equally faſt toward the ſunnꝰ; 

New, n Plate l b a0 fir en 
the ſun's center as the plate A is; the 


plate C three times as far, an the attrac- _ 
tive forces equal: on each plate, as if the 
above mentioned four lines 8 d, Se, 3 


and S g. were four cords, equally treten 


N and pulling all the plates with. equal Ty 


twice as long, LY nes as broad as the 


Plate A, it is plain, by the figure that B 


contains four times as muchſurface as * 


does, nn. 


n . 


0 


and 9 25 bete N n 


nine times as much ſurface and matter as 


= ns Regs it of an ar ne thick- 


F 


nen lines, are 0 elo together, as that. 
they lay hold of every point of the ſurface 
of 4, and draw it toward S with all theio 
ante; it is plain, that they can only lay 
hold of every faunth point of the ſurface 
af B, and; of every ninth point of the ſur- 
face of C; fo that, the plats wild war: 
_ three fourth parts of the attraftion that 
would be ſufficient to draw it toward Sas 
faſt-as. the plate A is drawn; and C will 
want eight ninth: parts af eee 
thas would: be; lafit eee 
. pr but; f 8 
acts not according to the e * 
bürkere ge dothi ĩt act? 

ee of bole; that is, 


tes this lid 
to tlie quan- 


1 


tities of matter they bontain. For, you 
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| on that if you would take che p ate 
C as it is, and weigh it in a balance; 


then take it out, and cut it in the lines 


drawn on its ſurface, by which means you 
would divide it into nine ſquare pieces: if 
you then lay them above one another in 
the ſcale, they will be juſt as heavy as 
they were before, when they lay at each 
other's. edges, all in one piece, in the 
ſcale. Or, if you ſuppoſe them to be ſo 
cut, and then joined together at each 
. other's hacks, and put them at the diſtance 
c from the fun, as before; they will 
have only a ninth part of the ſurface to- 
ward the ſun as before: and yet, the ſun's 


8 force on ne % be Ja e 81 


fame. RS A 
E. Then, it ths Shows; in ed 
unting for the manner in which gra- 
r but by reſolving it into the will 
of the Peity; ſeeing that the quantity of 
ſurface has „„ 
N. Indeed there is not. And, there- 
fore, when I henceforth ſpeak of gravity 
I would have you always underſtand, that 
1 do not thereby mean a Cauſe, but the 
W of a _ * we do not hay" 
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of bodies, a 8 would be as heavy as 


a piece of lead of the ſame bulk as the 5 


| cork. 


E. W tink G 2s you told x me 


that the * we have been looking at, 


was not intended to ſhew ho- gravity a 


acts; may I enquire what you intend to 
teach me by it " 5500 198. 508 drew it 
for me? | 


N. It is 400 ſhew, that the light of the 


ſun, or of any other luminous 55 ; 


decreaſes in proportion as the ſquare . of 


the diſtance from the luminous body i in- 


| creaſes. The rays of the ſun's light £0 


out in ſtraight His from all points of . 
the ſun's 1 : and, conſequently, the 
farther they go off from the ſun, the 


more they l and ſo they cover the 
more of the ſurfaces of bodies at ts 
greater diſtances. | 


E. How is it W that Tight, moves 
in ſtraight lines? | 


gs © Becauſe, if W dm no leaks 
at the ſun, or at a candle, through the 


F On bore 


es Beſides, you know, that if gravity I 
ated according je the ſurfaces, or. bulks 


8 
o 

p \ 
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bur Age a ſtraight 1 8 we can. 
„ Enough, Brother; pleaſe'r now to ve 
Hel the figure. | 
N. Let S be the ſun's . 
eg. be four rays of 
5 ing fo e the ſun's ſurface 1 1 be 
nes (in the ſame direction as if they 
| "proceeded from his center 35 and ſüppoſe | 
the fpace within theſe rays to be filled 
with others. Take the, diſtances 8 A. 
e. from the ſun 3 center, ſo as 
8B ſhall be twice as great as S A, and 
8 C thrice as great. Then, at the diſ- 
tance 8 4 Plate” the little ſquare plate 4, 
on which all the rays will fall that fill 
F 1 above mentioned ſpace at A. At the 
" diſtance S B, place the fquare plate B, 
| Z Which being twice as long and twice as 
broad as the plate 4, it contains four 
times as much ſurface as A does: and 
if A be taken away, all the light that 
fell upon it, will fall upon, and cover 
the whole ſurface of B; which bein g 
four times as large in ſurface” as A is, 
and having only as much light upon it 
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as 4 had, every point of the A of 
B can have no more than a fourth part 
of the light that fell upon every point of 
the ſurfaceof 4. And, laſtly, at three 
| times the diſtance 8 A. Nass the ſquare 
plate Of which being thine times as. long 
and three times as broad as the plate A, 
it contains nite” times as great a ſur- 
face: and then if B be taken out” of 
the way, ſo as to let all the light that 
fell upon it go on to the plate C, the 
light will juſt cover the ſurface of tliat 
plate; which being nine times as large 
as the ſurface of A, and having no more 
light upon it than 4 had, tis plain, that 
the light upon every point of C is but 
a ninth part ſo ſtrong and i as: it 
n ww _ of 4. . 


E. Nothing can be We 5 525 
and it follows of courſe, that at four 
times the diſtance of A from the ſun, 
his light is ſixteen times weaker than at 
Az at five times the diſtance, it is mw” 

_ ty-five times weaker ; and ſo on. 

5 e 2 N 8 
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2 N Indeed Ideferve none of your FRE 
for it. I copied the figure from Doctor 
Smith's Optics. That worthy gentleman 
was my good old maſter; and he is 
— of e Os: in Cam- 
bridge. 5 
ls dns that the 3 dif 
tances of all the planets from the ſun 
are known, I make no doubt but you 
can tell me, what the comparative quan- 


tities of the fun's Usht on all the W 5 
are. 


NV. Vis . rbe fan's light a 
_ ſeven times as great on Mercury as on the 
Earth 5 about twice as great at Venus z at 
Mars, it is not half fo great, or ſtrong, 
as we have it on the Earth; at Jupiter, 


only a twenty-eighth part ſo ſtrong as at 


the Earth; and at Saturn, is but about 
a ninetieth part ſo ſtrong as with us. 
E. Then, I ſhould be almoſt tempted 
to think— but I cannot—will not in- 
dulge ſuch a thought, as that the Deity 
is partial: for I cannot imagine the in- 


| hahitants of our Earth to be better than | 


_ thoſe of the other planets. On the con- 
, „„ trary, 
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trary, 1 weld fein hope they. have nat 
acted fo abſurdly with 1 to , AS 
We have done. Pot” | 


N. Tell me 8 "hs the 1 
was that aroſe in your mind, which ou 
are ſo willing to ſuppreſs.— The Deit 7 
is no other way a reſpecter of perſons 
than that of properly diſtinguiſhing be- 
tween the good and the bad; and fo re- 
warding the one, 1 a the other 
accordingly. 5 
E. It ſeemeth to 3 
tants of the neareſt planets to the ſun 
muſt be blinded by too much ea 
and that thoſe of the fartheſt 
from the ſun muſt be puniſhed all dick 
lives, with fo weak a {ory as can be 
called little better than darkneſs. We 
could not bear ſeven times as much light 
as we have from the ſun; nor be able 
to do our work with only 1 nineticth 
| part of the light we have. 

N. Your reflexion, ſiſter, is very na- 
tural.” But, after aſking you two or 
. lain 1 28 believe I ſhall be 


70 The vo GENTLEMAN and 
able to give _ full ſaisfaftion © en vow 


* a . 


E. Pray aſk them, andI wall | af 
them if can. ot „ 
VN. After you FEAR Sea abil abt in 
the ſnowy ſtreet, can you ſee as well to 
work with your needle immediately on 
coming into your 3 as ye oa be- 
fore you went out? Kot dts 
„E. No. FR: VF 


VN. Can you hint the FRY g reflection 
of. the ſun's light from the ſnow, juſt as 
well when you go out into the ſtreet, as 
| when you. have We „ Half an 
hour: in WAG <1 
3 No. ie = 5 7 # 8b 


N. Can you give 5 a ſn. for 
this. as would * +# a philoſopher ? For 

du know that the ſnow reflects not 
eſs light for your having ' been a -while 
walking in it; nor is your room a 
bit the darker for 2945 OE. been out 
of 1 - "5 


E. 1 wiſh I could, but indeed 1 can- Y 
not. | 
N. Then 


* 3 


* 


N. Then I will tell you. Our eyes 
2 made ſo, that their pupils {which let. 

in the light; wherebyome: ſee objects) 
dilate. when the light is weak, that they. 
may. take in the more of: it; ;:and 5 con- 
tract when the light isſtrong, that: they 
may admit the fewer oß its rays/— Whilſt 
you are in your room, the pupils of your 
when” you go out; they take in too 
much of the light reflected from the 
ſow Which ee t is Rurtful. But 
they ſoon contract ſo, as to admit no 
more of that 9 light than you can 
_calily- bear. And then, when you come 
into your room, with the pupils of your 
Jes contracted; the room, being not ſo 
8 light as the ſtreet, appears darker to you 
than it did before eee out : but, 
in a ſhort time, the p pupils» dilate Again; 
and then they let in ett ufficient quantity 
e e 2 


— 


N ow, 3 All the 1 8 Ainet 
to be inhabited by ſuch beings as we 
are, (though, fot reaſons L. ſhall men- 
tion afterwards, we cannot believe they 


F4 are.) 
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are.) If the pupils of their eyes Who 
live on the planet Mercury are ſeven 
times as ſmall as ours are, the light will 
appear no ſtronger to them there than it 
doth to us here. And if the pupils of 
their eyes who live in Saturn are ninety 
times as large as ours, (which they will 
be, if they are nine times and an half 
as large in diameter as ours; and which 
will appear to be no deformity where all 
are alike, and other ſorts have never been 
ſeen) the light there will be of the ſame 
ſtrength as it is to our eyes here. Pray, 
Eudefia; how many full moons, do you | 
think, would - Ht need to be placed in 
a clear ſky, to afford us moon- light equal 
to common day-light, when the ſun doth 
not ſhine out, and all our _ is . 
flection from the blonde For: } | 
E. Indeed I cannot wy _ bur am apt 
to think, that ſixty, or an hundred, at 
moſt, would do. For, When the full 
moon is not clouded, ſhe ſhines ſo clear, 
5998 Ican read by her light. * 
VN. Sixty, or an bundre 1 4 I afſurs 
you, that you are greatly miſtaken : for 
ZIV 
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it would require: hinety; thouſand, 3 and 3 
that number n * the whole of dur 0 


- 


n 
n r 3 


You © amaze, 6 anc x but I — — var 


ar not deceive me. Pray, how. can you þ 
| find any method of comparing moon- 


light with day-light, fo as to aſcertain the 


great [TORR + here the eee 
thereof? 3 


N. Hare 5 never ene th on. 
pretty high up in the morning after the 
ſun was riſen, when the moon was about 

three quarters oldꝰ aol dale 


„ E. Tes, brother: and en Habs 
ſeen her, as it were, among whitiſh 

: clouds, ſhe': appeared much of the ſame 
colour as they did; very dim in compa- 
An with what ſhe appears in the night. 
N And yet, the was juſt” "bs bright 
then as ſhe is in the night; only the 
ſuperiour li ght of the day made Her ſeem 
ſo much iber wie Like à candle, 
Which appears very bright in the night- 
g time; ; but ſet it in the ſtreet in day- 
light, and it will ſeem very dim, al- 


thou gh 
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| though ies Teal! brightaes | is Kill the : 
5 1 think I ET dens: kk; Abbe 
you are tq infer from all this; but will 
not ſpeak, leſt 1 ſhould be miſtaken 
again. And Ur 5g. 7 Lon wall 
Proceed. | 
N When the fare i hid by. FORE 
all the light we have is by reflection from 
them. The moon reflects the ſun's light 
m the night-time, a8 the clouds do in 
the day: and as ſhe can reflect no more 
light in the day chan a ſmall bit of a 
whitiſh cloud does, that covers as much 
of the ſky as the moon eevers; ſhe can 
reflect; no more in the night.— And as 
tte full moon fills only ag ninety thou 
ſandth part of they ſky, her light. is no 
more than Equal to a ninety- enn 
part of common dayrlight. Ne OW, 48 
the light of the ſun at Saturn is equal 
to a ninetieth part of his, light at the 
earth, and common day-light at the 
earth 1 48. 90,900, times. as great as 10 Ke 
light; divide 90, ooo by 90. and. the 
Pat wall be. 100: which, 
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* 
chat che ſun's Abt at Saturn is 186 


A : - 47464 8 
Ee —„— — — 


s great as "he ght of the full q 
mon 18 80 us. n 4 hui Ve 194 i 


8 l it malt be Ti 
by Why doyou ſigh, Eudofat clan : 

E. Becauſe there is not an univerſity 
for ladies as well as for gentlemen. Why, 


Mp, 
— AG Vip > 


rr reer 8 
nF d rn eee 


Neender; ſhould our Tex be kept in total "i 
ignorance of any ſcience, which would [| 
make us as muchi better than "ve. ares | 
as it would make us wier 0 
MV. Vou are far from Bein o/flaglar $ 
in this reſpect. I have the pleaſure of | 
being acquainted with many fadies who 1 
think as you do. But if fathers Wr - | 
d justice to their daughters of 

their ſiſters, and kiiſbands 4 
there would be no occaſio 
-verſity for the 16dibs's2beamnaſe, if thoſe 

Went nir inſtruẽt theſe” themſelves, hey 

might find others whs could.* And the 

tonſequenice Would” be, that the ladies 

would have a rational way of ſpending 
their time at home, and would have no 

taſte for the too common and expenſive 

Ways 


76 The Youno GexTLEMaAn and 


ways of murdering it, by going abroad 
to card- tables, balls, and plays: and 
ok how much better WIVES, thers, 
and miſtreſſes they would be, is obvious 
to the common ſenſe of mankind.--The 
misfortune - is, there are but feẽw men 
who know theſe things ; and where that 
is the caſe, they think the ladies have 
no buſineſs with them; and very abſurd- 
ly imagine, becauſe they know- nothing 
of ſcience themſelves, that it is beyond 
the reach of women's capacities. | 

E. But, is there no danger Ec our fax 8 
ee e. too vain and proud, if they 
3 theſe "things id as * 


. os. ad. to hear you talk 
— oqdly. Have you forgot what you 
told me two days ago? namely, that if 
you had been proud before, the know- 
ledge of Aſtronomy, you wee. ere, 
| make mew humble? 

E.. You have caught me napping, as 

the ſaying is: — but I will not take up 
more of your time at * with di- 
greſſions. I remember, this * 


4 
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do have heard you mention thi light g 
going from one place to another, as if 
it took ſome time in moving through 
open ſpace. I know that ſound does ſo; 
becauſe I have ſeen the flaſh of a diſtant 
cannon before I heard ages noiſe that it 
made. 
„ True, ſiſter; ons 100 did not ee 
the flaſh at the very inſtant when it was 
given ; though you ſaw it "wy ſoon 
after. 
E. And do you Mn with what ae. 
gree of ſwiftneſs light moves? 
VNV. Yes; and you ſhall ſow! baer 
too. The Earth's orbit lies far within 
the orbit of Jupiter.. 


E. Undoubtedly; becauſe Jupiter - a 


— farther from the ſun than the | 


; Earth i Wc 9 
MN. Then you know, that when Fa 
Earth is between Jupiter and the Sun, 


the Sun and Jupiter appear oppoſite to 
each other in the heavens. And when 


f the Sun is nearly between us and Jupi- ; 


ter, the Sun and Jupiter appear n: in 
, _ ſame part of the heavens. 


E. Undoubtedly 
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E. Undoubtedly hey muſt. 
5 And therefore, when 8 3 5 
Jupiter appear almoſt. cloſe together, the 
Earth is Auel, du ane le Aren of its 
orbit farther from Jupiter, than when 
it and Jupiter appear oppo * to Fach 


other in the n, a 3 * r 
0 NV. The . times when . moons 


muſt be eclipſed in his ſhadow are eaſily 
calculated; becauſe, by teleſcopic obſer- 


_ vations, the imes in Which they go 
i round him are enten * 
the apparent ; vaniſhii g pf theſe moons 


in the ſhadow may be very well pereciv- 
ed through a teleſcope; or the inſtants 
when they recover their light again, by 
the ſun's ſhining upon them, at their | 
going out of the ſhadow. And it has 
been always obſerved, ſince [teleſcopes 
were; invented, that theſe eclipſes are 
ſeen firteen minutes ſooner when S 
3 Earth, is neareſt, to Jupiter, than. when 
it is fartheſt from bim. So that, if there 
Fee round che ſun 
in the ſame orbit, and always keeping 
TY EN oppoſite 


- 


- 
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| oppoſites each: other; when um 
zs at its leaſt diſtance from Jupiter, and 
the other at its gteateſt, an obſerver on 
"the neareſt would ſee the ſame eclipſe 


ſtxteen minutes ſooner than an obſerver 


on the fartheſt would. Which fhews, 
that light takes ſixteen minutes to move 


through -a ſpace equal to the width 
or diameter of the earth's orbit, Which 


Nis ee, eee eee conſe- 
-quently, it muſt take eight minutes of 
time i eoming from the ſun to the 
earth; us the fun- is nearly in the center 


of the earth's orbit: that is, at the half 


=P: 190 ao aer a * Rs 
- I underſtand- this; but. dite 
riſes in my mifid. 


ds Only wenden it, -and 1 re- 
move it if Ien pings) 


E. The rays of: the fan's: cht ads” 


directly from him to the Earth; but his 
rays from - Jupiter's' _— come to us 
only by reflection. Are you ſure that 


reflected light moves rer the lame ve- 


loeity that direct icht does ? - 


Res. - | __ N. There 
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N. There is no reaſon to believe but | 
that indent And I imagine, I can. very 
eaſily convinee you that it does ſo. 
If the particles of light did not fly off 
from the planets as faſt as they came 
upon them, there would ſtill. be an ac- 
cumulation of light upon them; which 
would make them appear every night 
brighter and brighter; but, in reality, 
they do not. And if the light flew off 
; faſter. from the planets than. it comes 
upon them, they would appear dimmer 
and dimmer every _s which f is _ 
| at all the. caſe. . 

E. But are all the rays which the fon 
darts on any planet reflected from it, and 
none of them loſt or abſorbed in the mat- 
ter of which the planet is compoſed ? Or, 
if ſome of them be abſorbed, will not- this 
invalidate your argument? - 

N. Not at all, if the abſorbed rays W | 

a conſtant proportion to the whole num- 
ber of rays with which the planet is ſuc- 
ceſſively illuminated; and this muſt un- 
doubtedly be the caſe : for the ſame parts 
| of the * s ſurface which either re- 
4 flect, 
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flect, or abſorb the rays that fall upon 
them this moment, will be equally diſ- 
poſed to reflect or abſorb the rays: that 
fall upon them in the next - and ſo the 
ſame proportion between the abſorbed and 
reflected rays, or between them and the 
whole quantity of light thrown- on the 
Rpt, will be. continually preſerved. | . 
E. But what if ſome parts of the pla- 
net's ſurface be more hardened by 
drought, or ſoftened by wet, as on our 
earth; or be in any other reſpect more 
diſpoſed, either to reflect, or abſorb the 
Sun's rays at ſome times than at others; 
would not this vary the at you 
have mentioned? 
N. If we may judge of this from our 
_ globe, where the. contrary: quali- 1 
ties of drought and wet, hardneſs and il 
' ſoftneſs, ſmoothneſs and roughneſs of - 
ſome parts of its ſurface, ſo far as they = 
. reſult from any alterations of weather, 
kxc. if taken upon an average for a whole 
year, or other given time, and through- 
out any half of the Earth's ſurface; they 
* very nearly, if not exactly, balance 
G each 


\ 


\ 
4 
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each other. The ſame may be therefore 
ſuppoſed. to hold good in the other pla- 
netary worlds; and ſo the r 
before mentioned wall not be ſenſibly 
altered, _ | 

E. Vou have quite 9 my 8 
eulty, brother; and I thank you for 
having done it. But, as light comes 
from the Sun to the Earth in eight mi- 


nutes of time, its ſwiftneſs muſt be 


amazingly great. Let me try whether 
1 can compute it: for you taught me 
not only the four common rules of arith- 
- metic before you went to the univerſity, 
but even the rule of three, The Sun's 
. diſtance from the Earth is 95 millions 
of miles, in round numbers; and light 
moves through that ſpace in 8 minutes 
of time; divide, therefore, 95,000,000 
by 8, and the quotient is 11,875,000 
forthe number of miles that light moves 
in a minute. Now, I remember that 
you told me, a cannon-ball moves at 


the rate of 480 miles in an hour, which 5 
is 8 miles in a minute; I therefore di- 


vide 11,875,000 by 8, and the quotient 
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av 6 8 00 ; ſo that light moves more 
than a million of times as 1 as a 
Ee. indeed! „ 
N. It is fo — And now I will tell 
. you e which "1 is „ 4 ama 
1 
E. What n U dei do you mean 
the power of the Almighty? _ 
NM Far from it: I only mean the in- 
conceivable ſmallneſs of the particles of 
Ugh, DE ig 
E. And how 8 you know that they 
are ſo inconceivably ſmall 
N. The force with Wich 4 body 

: W any obſtacle, is directly in pro- 
portion to the quantity of matter in 
the body, multiplied by the velocity 
with which it moves. And, conſe= 


quently, as the velocity of light is, in 
round numbers, a million of times as 


great as the velocity of a cannon- bullet; 
if a million of the particles of light were 
but as big as a common grain of ſand, 
we could no more keep our eyes open 
to. bear the impulſe of light, in We 

| 82 5 could 
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could to tuve/ifind | hor! point blank 8 
againſt them from a great cannon.” 
Another way of proving that the par- 

ticles of light are ſo ſmall as to exceed 
all human comptehenfion, is this: Let 
a lighted candle be ſet on the top of a 
_ ſpire ſteeple, in the night-time, and 
there will be a very large ſpherical ſpace 
filled with the light of the candle before 
a grain of the tallow be conſumed ; and 
as that grain of tallow is divided into 
ſo many particles, as fill all the ſpace in 
which the light 1s diffuſed, can you 
poſſibly imagine how ſmall the parti- 
cles are into which it is ſo divided? 

E. Indeed I can form no idea there- 

VN. A very good computiſt has found, 

that the particles of blood of thoſe ani- 

mals which can only be ſeen by means, 
of a microſcope, are as much ſmaller 


than a globe whoſe diameter is only a 
| tenth part of an inch, as that ſmall 


globe is leſs than the whole earth. And 


| yet, that their * of blood are like 
| | mountains 


— 
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mountains to a grain of Gogh when 
\ compared with the particles of light. 
E. I am glad to hear our breakfaſt- 
bell: for, if I ſnould hear more of theſe 
ſubjects at preſent, I know not but that 
1 ſhould, for ſome time, loſe the power 
of thinking. 

VN. I had juſt 3 with the ſubject 
of light; but am ſorry to hear that you 
muſt go from home, for a few days, on 
a viſit. However, during your abſence, 
I intend to draw out two or three figures, 
in order to deſcribe the late tranſit of 
Venus to you, by them: and give you 
ſome idea of the method by which the 
| diſtances of the planets from the Sun 
were found, by oblermtions” made on 
that tranſit. 

. Fan very much oliged to yo, 
Sir, for the trouble you have taken, and 
are to take further, on my account: and 
ſhall return as ſoon as "poſſible. —Yeu 


know I could not re” Miſs Goodall's 
invitation. . F 
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17613 and the diflances of the 
| PLANE T'S from the SUN e 
lberely. 
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 Ntander, ” 


D BAR bifter, Shen ade to 1 
you again: I ſuppoſe you found 
Mr. and Mrs. Goodall, and their dau ghters, 
tobe very agreable company. 

Euagia, Quite fo, and 1 have ſpent three 
days very happily with them of © 
VM. It was very obliging in Mr. Goodall 
and Maſs Sophy to ſee you ſafe hom. 
E. They would do it, for all that 1 


Fold fay: even though I bold them, 
| | that 
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| that the ſervant who. > was fent for me 
Was very careful. 


N. Mr. Goodall 120 1 ſpent a an h ON r 

gether laſt night: and though he w 
full of his praiſes of your good ſenſe, — 
did not ſay one word about our aſtro- 
nomical converſations ; by which, I ima- 
gine, you ſpoke nothin g about them in 
that family. Yet I am far from doubt- 


Ing, that it would have been very er 
able if vou had. 


3 Truly, hooker, if I had, you „ 
have heard of it: and then I ſhould: not 
have wondered if you had ſaid that 1 
am not over-ſtocked with good ſenſe. I 
muſt know theſe. things better before 1 
| begin to ſpeak of them; and even then, 
not to ſpeak, unleſs I am defired by 
' thoſe to whom I think the ſubject will 
1 entertaining. You told me, the 
morning I went away, that our next 
_ converſation ſhould be on the tranſit of 
Venus; and how the diſtances of the 
5 "2 prong the Sun men, 
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N. And to ſhew you that 1 have - not 
forgot my promiſe, here are the figures 


which I told you 1. would draw out for | 1 


that purpoſe. ¶ See PLATE II. Fig. 2. 
and 3. and PLATE III. Fig. 14 But, in 
theſe delineations, we muſt often ſacri- 
fice. one truth to explain another: and 
in the preſent caſe it is unavoidable. 
For, if we were to make the bulks of 

the planets in our figure no greater than 
they are in proportion to their diſtances 


from the ſun, the planets would be mere 


points ; and a large ſheet of paper would 
be too. ſmall for the lengths of the lines. 


of. diſtances. So that, in order to make _ 


the preſent ſubje& plain, we muſt en- 
large the planets, and contract their dif- 
tances from the Sun; otherwiſe, we could 
not, at preſent, render the effects intel- 
ligible which ariſe. from ſome of ww | 
planetary motions. EG, | 
E. . well, brother: . pleaſe to > pro- 
ceed. 
N. The Hes: of the Earth is no 
more than a point in compariſon of its 
dance from the Sun; ; and therefore, x 5 
| TG”. 


— 
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the Sun were viewed, at the ſame inſtant, 
by two obſervers on oppoſite ſides of the 
Earth, his center would appear to both 
of them to be in the ſame point of the 


the time of her late tranſit) her diſtance 


from the earth is between three and four 


times leſs than the Sun's diſtance from 
the Earth. And therefore, if Venus be 
then viewed by two obſervers on the 
Earth, who are at a great diſtance from 


one another, ſhe will appear to each of 


them, at the ſame inſtant, to be on dif- 


ferent parts of the - Sun's ſurface.— Thus 
in Fig. 2 PLATE II. let S be the fun, 
Venus, and ABD E the Earth. Let 


one obſerver be at A, another at B; and 
a third at D; all looking at Venus at 


the ſame moment of abſolute time. To 
r 


the obſerver at A, Venus 6 ) wil 
upon the ſun at F, as ſhe is ſeen in the 


night line AYF: to the obſerver at B, 


the will appear upon the ſun at G, being 


ſeen by him in the right line BY G: and 
to the e at D, Venus will appear | 


3 | | upon ; 
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upon the Sun at . bece aſe he ſees the 
planet in the right line D H. Or, if 
you will ſuppoſe Venus to be at reſt at Y, 
during the time that the obſerver at A 
is carried, by the Earth's motion on its 
axis, from A to D, through the are A'B D; 
tis plain, that, to this obſerver, the pla- 
net / will appear to have moved on the 
Sun from F to = ee the n 
. 


ä Let us now ſuppoſe, that dhe Earth 
4265 de (Fig. 3.) is nearer the ſuns than 
as repreſented in Fig. 2. in which caſe, 
Venus v will be proportionably nearer 
the Earth; and the arc a 6 d, through 
which the obſerver is carried, will bear 
à greater proportion to the diſtance of 
Venus v from the Earth, in Fig 3, than 
the fame arc AB D (in Fig.) 2. bears to 
the diſtance of Venus from the Earth. 
So that, if one obſerver ſhould be placed 
at a another at 4, anda third at c, the 
obſerver at a, would ſee Venus on the 
Sun at /, the obſerver at ö would tee her 
on the Sun at g, and the obſerver at 6 
- would ſee her on the Sun at þ, all at the 
| „ 


a Was carried from à to d by the Earth's 


motion; Venus would, in that time, 


appear to him to have moved from F to 
h on the Sun. But the ſpace fg b, in 
Pig. 3. is longer than the ſpace F G H 
in Fig. 2. and therefore, the nearer the 
Earth is to the Sun, the greater will the 
ſpace be through which Venus 7 
to move upon the Sun, by the obſe 


real motion along with the Earth, in any 


given time ; and the farther the Earth is 
from the Sun, the leſs will the ſpace be 
through which Venus appears to move 
upon the Sun, by the obſerver's real mo- 
tion, in the ſame time. 


| And, oonſequently, as Vene 18 really | 
moving on in her orbit, in the direction 


of 7 (in Hg. 2.) ort vw (in Fig. 3.) 
whilſt the obſerver is carried 'by the 
Earth's motion on its axis from 4 to D, 
or from à to d; tis plain, that Venus 
will appear to move ſooner over the Sun, 
if the Earth's diſtance from the Sun be 


only bvs, (as in 8 * 9 


kept at reſt at v, whilſt the obſerver at 


7 

+ 

F 

: * 
7 
z 

7 | 
. 
or ; 
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be BV, (as in Fig. 2.) So that, the whole 
duration of her 3 over the ſun muſt 
be ſhorter, if the Earth's diſtance: from 
the Sun be only 5 v 5, than if it be greater, 
as BV S.—Do you underſtand thus; Eu- 
dns” of 5 | 
I think it is ſo — * that any body 
2 underſtand it. 

N. Then, we as, Tray with theſe 


figures, and ſhall proceed to Fig. x. of 


PLATE III. in which, let abe da be the 
Earth, / Venus, and & the Sun. The 
Earth turns eaſtward on its axis, in the 
direction 46 c d; and Venus moves in her 
orbit in the direction EV e. 

Now, ſuppoſe the Earth to be ma | 
parent like glaſs, and that you were 
placed at its center C, and kept lookin g 


at the Sun 5, during the time in which 
Venus moves in her orbit from F to f, 
through the ſpace FGY gf: in this caſe, 
the Earth's motion on its. axis could have 
no effect on your poſition, becauſe it 
could not carry you any way from C. 
Then, when Venus was at F in her or- 
bit, ſhe would appear to you as at K, 


\ Juſt : 


ff 
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Juſt Within the Sun's. ſurface, touching 
his eaſtern edge at K; that is, at her 
firſt internal contack with the Sun's 
eaſtern edge; As ſhe moves on, from 
_ Fto fin her orbit, ſhe would appear to 
you to move on the Sun, from K to L, 
in the line K + L, which is called the line 
of her tranfit over the Sun. And when ſhe | 
was at / in her orbit, ſhe would appear 
at L on the Sun; juſt beginning t leave 
his weſtern edge, or at her laſt internal 
contract with the Sun. Now, pleaſe to 
remember, that if Venus could be ſeen 
from 'the Earth's center C, ſhe would 
move from F to / in her orbit, in the 
time that ſhe would appear to move from 
K to L on the Sun; or from her firſt in- 
ternal contact to A 
E. A bare inſpection of this: figure 
ſhews it: for, when Venus is at F in her 
orbit, ſhe would appear juſt within the 
Sun at K; becauſe then, as viewed from 
the Earth's center C, ſhe would be ſeen 
in the ſtraight line C F K; and when ſhe 
came to / in her orbit, ſne would ſeem 
Jo beginning to leave the Sun at L, 
den 
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becauſe ſhe would be ſeen in the ſtraight 
knee / - 5 

N. Very well——Now let us fappote 
that an obſerver is placed on the Earth's 
ſurface at a ; and that he is carried from 
a to b, by the Earth's motion on its axis, 
in the time that Venus moves in her or- _ 
bit from F to.. 

When Venus is at F, a enen 
the ſun, as ſeen from the Earth's cen- 
but to the obſerver at a ſhe will 
not appear to be then entered upon the 
Sun; becauſe (if ſhe were then viſible in 
the ſky) ſhe would be ſeen in the line 
AF H, eaſtward from the ſun; and muſt 
move on from F to G in her orbit, be- 
fore the obſerver at a can ſee her on the 
Sun at K, in the right line à & K. So that 
her tranſit will begin as much later to 
the obſerver at a, than it does to the ob- 
ſerver at C, as ſhe is in mein from F 
to G in her orbit. 

When Venus comes to 8 in her orbit, 
the obſerver will be carried by the Earth's 

motion almoſt from a 5; and then he 
will ſee her in the line cf L, juſt begin- 

5 ning 


"he. 
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move on from g to F in her orbit, before 


the begins to leave the Sun at L, as ſeen 
from the Earth's center C, in the right 


(or ſtraight) line C/ L; and then, to the 


obſerver at 5, ſhe will appear quite clear 
of the Sun to the weſt, in the line Bf I. 


So that the whole duration of the tran- 


fit from K to Lon the Sun, will be 


ſhorter, as ſeen hy the obſerver in mo- 
tion from 4 to c, than as ſeen the 
(ſuppoſed) obſerveniſeſt at the Earth's 
center C. For, tome 


ing the time ſhe. 


ſhe muſt: move from F to F in her orbit, 
in the time ſhe n en over the 
Sun from K to L. 

The nearer the Earth is to the Sun, * 
greater will the difference of the dura- 
tions of the tranſit be, e L on 
the Sun, as ſeen from the Earth's ſurface 


and from its center: and the farther the 


Earth is from the Sun, the leſs will the 
difference between the durations . the 


ME former, ſhe will 
move only from Gg n her orbit, dur- 
K to L on the Sun: whereas, to the latter, 
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5 erankir- be, as ſeen. from the Earth's aw 
face and from its center; accordingly. 

2. Certainly ſo, by what you dy 5 
told me in your explanation of the ſecond 
and third figures of the ſecond Plate. 
For, the nearer the Earth is to the Sun, 
the nearer alſo, in Proportion, it muſt be 
to Venus; and the farther it is from the 
Sun, the farther alſo ĩt muſt be from 5 

05 de bin 3 Earth's mo- 
ATE III. Fig. 1. ) will 
ar a r p Non to the diſtance 
of — from che earth in the former 
caſe than in the latter: and ſo, will affect 
the times of duration of the tranſit, as 
ſeen from the Earth's center and from 
its ſurface, accordingly.—— But I ſnould 
de glad to know, why you ſuppoſe an 
obſerver to be placed at the Earth's cen- 
ter, as it is a thing impoſſible to be done: 
and if he was there, he could: neither ee 
the ſun or Venus. 

N. Becauſe the motions of che planet 
are calculated in the aſtronomical tables, 

as if ſeen by an obſerver at reſt. And, 


0 
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as the apparent breadth. of the ſun is 


known; and the time of Venus's going 5 


round the Sun is alſo known; the time 
of her appearing to move through | 4 


ſpace equal to the Sun's breadth; as ſeen 


by an obſerver at reſt; is eaſily ealculat= 
ed, and is the ſame- as would be 
ed by a perſon placed at reſt at the cen- 


ter of the Earth: And then, at all kinds 


of diſtance of the Earth from the Sun, ie 
is eaſy to caleulate how much the Gura- 
tion of the tranſit would be ſhortened by 


the motion of an obſerver on the Earth's 


ſurfaee; on the fide of the Earth next to 


Venus, and who is then moving in 4 
contrary direction to the motion of Ve- 
nus in her orbit, than the duration of 


the tranſit would be to an obſerver at the 


Earth's center, or even on its furface if 


the Earth had no motion on its axis; in 
which eaſe, the obſerver on the ſurface 
would be at reſt. But as that obſerver 


= really in motion with the Earth; when 


the duration of the tranſit, i is obſerved by 


him, and, conſequently, known how. 


[pts ſhorter it appeared ho him, - than 
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it would have done if he had been at 
reſt; the diſtance of the Earth from the 
Sun may thereby be found: which, as 1 
told you already, is thereupon ne ö 
to be 95,173,000 Engliſh miles. 
E. The diſtance of the Earth FT 
Sun, in miles, being known; I ſhould 
be glad to know how you find the diſ- 
tance of all the other planets from the 
Sun. For we cannot ſend people from 
the Earth to bos ; tun to: - obſerve 


tranſits. 


N. I told n W 
ange that the relative or compara- 
tive diſtances of all the planets from the 
Sun are known long ago, both by the 
ſtated laws of nature, and by e 5 
85 tion; and that they are as follow. 
If we ſuppoſe the Earth's diſtance from 
the Sun to be divided into 100, ooo 
equal parts, (let theſe parts contain how 
many miles they will) Mercury's diſtance 
from the Sun muſt be equal to 38,710 
| bs impor Venus's ſtance 
7 80 3 ance, 152, 369; Jupiter's 
[$20,096 3 and Saturn' 8 ä 954006. 
Now, - 


> 72523333 


LADY'S ASTRONOMY. © 99 
e e the number of miles is in 
to the: number of parts, and 
* 100. parts by which the Eartli is 
diſtant from the ſun, contain 95,173,006 
miles; we fay, by the rule of ; 


as 100,000 parts are to 95,173,000 


miles; ſo are 383 5710, Mercurys diſtance 
_ the Sun in parts, to $6,841,468, 
his diſtance from the Sun in miles. 80 


are 72,333, Venuss diſtance from the 


Sun in parts, to 68,891,486, her diſ- 
tance from the Sun in miles. Wo like- 
wiſe: are 152, 369, Mars's diſtanc 
the Sun in parts, to 1457014, 148, his 
diſtance from the Sun in miles. And 
o are 520, 96, (Jupiter's diſtance _ 
"I the Sun in parts, to 494.990, 976, his | 

diſtance, from the Sun in miles. And 
laſtiy, (carrying on the proportions) ſo 
are g54;006, Saturn's: diſtance from the 
Sun in parts, to 90), 956, of cp his GIG 

| from che Sun in miles 

E. I thank you, brother, tov” hin 
explained the whole of this matter ſo 
much to my ſatisfaction. But 1 have 
heard that the late tranſit was obſerved 
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by people at very different parts of the 
Earth. Pray did you find, that all the 


obſervations (as -you got accounts of 


them) agreed ſo well, as to alga all the 
 ams:concluſion ? | | 


N. 1 cannot ay they dd, ſo nearly 
as we could wiſhz- which might have 
been owing to two cauſes. Firſt, that 
the differences of longitude (as it is 
called) between many places where thoſe 


bbſervations were made, are not yet 
well aſcertained: and ſecondly, that all 


the obſervers did not uſe e of 
an equal magnifying power, which they 
ſhould have agreed to do before-hand. 
And undoubtedly, they who uſed the 
higheſt Cs teleſcopes, - could 
more. accurately determine the inſtants 
of Venus's two internal eee with 
the Sun, than thoſe could who uſed 
ſmaller magnifying teleſcopes. But tis 
to be hoped, that all proper care will be 
taken, in obſerving the tranſit on the 
3d of June 1769. yrs aſtronomers will 
do well to make the moſt and beſt of it 


oe” 
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N can; as there will hot be another 
tranſit in leſs than 105 years afterward. 


E. How can that be? For as the Eartn 


goes round the Sun in a year, and Ve- 
nus in 225 days; ; I ſhould think, that 


Venus would paſs between the Earth 


and the Sun once every” two OT at 
moſt. 


N. Soſhe would, once > in every 584 days, | 
if her orbit lay in the ſame plane with 


the Earth's orbit, like one circle made 
within another on a flat paper. But one 
half of Venus's orbit lies on the North 


fide of the plane of the Earth's orbit; 


and the Ne half on the South-ſide of 
it: ſo that her orbit only croſſes the 


_ Earth's orbit in two oppoſite 3 : 


And therefore, Venus can only paſs di- 
rectly between the Earth 4 the don, 
when, at the times of her conjunctions 
with the Sun, ſhe is either in or near 
one or other of thoſe points. At all 
other time, ſhe either 
below the Sun, and is then inviſible, on 
account of her dark ſide being toward 


| the Earth. But its being fo alſo, at the 


1 5 Hs time 


paſſes above or 
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time of her late trans made her very 
conſpicuous. on the Sun, like a + black 
patch on a circular piece of | white! paper. 
At her laſt tranſit, ſhe paſſed | below the 
Sun's center, about a third part of the 
Sun's breadth; and at her Bent, ſhe will 
pais as far above it. oh 5 
E. I underſtand this an > think 
I think, there are ſome lines in the figure 
(PLATE III. Fig. 1. Rag yon ban * 
f 1s” of drgl 
FE "a9 Then, ſhew, me them, and 1 
vill. 
5 They are the Lines, NEK and 
nel, 40 
N. True: 1 had Fon fret, them. 
Suppoſe. an obſerver at N. on the fide 
of the Earth fartheſt from Venus, to be 
carried from N to n in the. ſame direc- 
tion with Venus's, motion in her orbit 
from * to e, in the ſame time that an 
obſerver at à is carried from à to b, in a 
contrary direction to the motion of Ve- 
nus in her orbit: the duration of the 
tranſit will be longer, as ſeen by the ob- 
ſerver who is carried from N to n, than 


it 
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it . be to an obſerver at reſt at the 
Earth s center. C. For, when Venus is 
in her orbit at E, ſhe will appear upon 
the Sun at K, as ſeen from N in the 
night line N E K; but | he muſt go on 
from E 20 F before ſhe can be ſeen from 
C, upon the Sun, in the right line C FK . 
and, as ſeen from C, in the right line 
_ CF L, ſhe will appear as juſt beginning 
to leave the Sun. at L, when ſhe is at f 
in her. orbit. . But ſhe muſt move on, 
from f to. e, before ſhe can appear as 
regia to-.leave the, Sun, when ſeen | 
by the obſerver at u, ho is carried from 
N to aby the Earth's motion on jits axis, 
in the time of Venus 's moving from E 
to e in her orbit. 80 that the viſible 
duration of the tranſit will be longer as 
ſeen by an obſerver , who. is carried nar , 
N. to u, than it would be to an obſer- 
ver at reſt; and ſhorter, as ſeen by an 
obſerver who is carried from @ to 5. And : 
the difference between theſe viſible dura- 
tions will be of greater advantage to- 
wards finding the Earth's diſtance from 
the Sun; than what could be gained only 
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from obſervations made on the ſide of 
the Earth which is neareſt to Venus I 
during: the time of her tranſit. 

E. Pray, who was it that firſt thought 
of this method of finding the diſtances 
of the planets from the ſun? I imagine 
he muſt have been a __ ane aſtrono- 
mer. 

[ RT He was ſo det; the man =) 

fiſt propoſed” this method was the great 

Doctor HALLEY. And as he was mo- 

rally certain, that, according to the .com- 

mon courſe of nature, he could not live 

to ſee that tranſit; he moſt earneſtly re- 

commended it to future aſtronomers, 

that they might obſerve it when he was 

| dead. And, in order to furniſh them with 
all proper information, | he gave in a pa- 

per on the ſubject ta the Royal. Society; 
which paper was. ſoon after, pe 
W the pots; og Tranſaftions. 1 
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taken ill laſt night about 


twelve, of 


frightened 


me, as ] never was ſo. before; 
me awake till five o'clock this 


Then it left me, 
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aſthma, which 
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and kept 


morning. 
time; for 


and I fell 
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NV. Why did you not ring your bell, 
in order that ſomething might have been 
brought to relieve you : eſpecially as you . 
know that our mother (among many 
other good medicines) always keeps an 
eleftuary of honey, powder of liquorice, 
of elecampane, ſeeds of aniſe, and flowers 
of ſulphur; which is exceeding good 
for that diſorder, and has cured many 
_ 7 Ne EE 

E. I was loth to ſurpriſe any body in 
the night, eſpecially as the aſthma did 
not continue long violent.--I raiſed my 
head a good deal.; ſo it left me gradu- 
ally; and now I feel nothing of it. 
N. Lam very: glad of bar. — But I think 
it would be © Ja wrong to enter upon 
any fuch ſubject this morning; as we 
wm already been about. And therefore, 
I hope yon do not edme⸗ nos why er 
| duch intention V ,80017) Th 
E. Indeed I do, if it were but to ale 
off my dromſineſs: and I feel no other 


ment at" preſent. 5 118 „ 135 5 ix 1 35 | bs _ 
* N: Well then; — with what ' ſubje&t | 
ſhall he entertain - as ie 


55 


E heard you: yeſterday, for the 2 
time, mention the Langitude of p 


as I ſcarce know what either pra Privy 


or Latitude © earls, 1 thould be art to 


muck ately cut: the” Song the Eh” 


gitude. And as I never heard of any 
difficulty about finding the Latitude, 1 


Imagine,” the latter is 1 e r 


Wand than the former. 
N. It is fo indeed, ſiſter. 


15 N 


þ ſhould. have aſked | firſt What thoſe 
. mean? . 25 5 Om» 


—_ 
-S 


N. Right, Euchſe; od 1 * 


; Savor you. 


y circle, be it great or 


r 


S 360 equal parts, called De- 
grees. Now, if we take a great circle 


ene e Back, which divides che earth 


into two equal parts, every degree of 
that circle, contains 694 Engliſh miles: 


a8 1 0 r ORE 1 _ 


| What i is the reaſon of that ning 
I n my queſtion is premature: for 
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great circle taken round the Ear * ; 
through the North and South poles 
Tube Lotitudeof a place is the aide ö 
of degrees that the place is from the 
Equator, towards the North or South 
pole: and is denominated North or South, 
as the given place is on the North or 
South fide of the Equator.— Thus in 
the little globe, (Fig. 1, of PLATE I. all 
the places in the northern hemiſphere, 
from every point of the equator to the 
North pole, have North Latitude: and 
all the places from every point of the 
Equator to the South pole, have South 
Latitude. As the poles are the fartheſt 
points of the Earth from the 6quator, 
they have the greateſt Latitude ; which 
is 90 degrees, or a fourth part of 360, 
the whole circumference of the globe. 
The North and South points, or poles 
of the Heaven, are directly over the 
North and South poles of the Earth. 
And therefore, as the Earth turns round 
its axis, which terminates in its North 
and South poles, every point of its ſur. 
Toes is carried round in 24 hours, ex- 


cept 


4 | 
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cept its poles, which are at reſt. This 
motion of the Earth will cauſe an ap- 
parent motion of every point of the hea- 
5 _ in a direction contrary to the Earth's 
motion; excepting its poles, which ap- 


contains: at reſt; becauſe they are di- 


rectly over the. en che 155 which 

are ab reſt. 

_* me Mir Tame: han > vie] juſt now, be- 

5 fore you proceed farther ? wart 85 
N. Why not? r IEP 

E. I ſhould think that FEY | of 


the Heaven would change among the 
ſtars, on account of the Earth's motion 


round the Sun in a year. For, undoubt- 
edly, if the Earth's axis (or line on 
_ which it turns round every 24 hours) 
were produced to the Heaven, it would 


deſcribe a circle therein, equal in diame- 


: ter to that of its whole orbit; which 
you have already told me, is 8 0 mil- 
F of miles. 


NV. And ſo it 3 it ſhould, 


by its track, imm dark a circle in the 


Heaven, as can be made with ink 
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tance of the ſtarry Heaven 1 is ſo great 
from us, that a circle therein of 190 
millions of miles in diameter, would 
dag 27K ſo big to us as the ſmalleſt 
dott you can poſſibly make -w h a ſine 
pen . paper. Which ſhews, that if 
the were as big as would fill its 
whole oadit, it would appear no bigger 
than a dimenſionleſs point; if ſeen _ 
the ſtars. For, - notwithſtanding  ' 
Earth's conſtantly changing its = in 
its orbit, the poles of the Heaven could 
neyer be perceived to change their places, 
a ſingle viſible 2 even when obſerv- 
ed with; the niceſt inſtruments. - And 
therefore, we always e conſider the poles 
of the Heaven to be fixed points; and to 
* conſtantly. Juſt over the ene of the 
E. * W Latiafied ! me ent irely 
Wish and, at the ſame time con- 
vinced me, that the diſtance of the ſtars : 
muſt be pony: __ N ny ow = 
to proceed. :; | 
N. Now, let us. ſuppoſe. a great” ſod; | 
to a drawn. _ * Heaven, through 
its 


9 
Rr 


th Win and "South poles; and to 


divided into 360 degrees, like i 
drawn round the Earth through its en 


and South poles. | 
As the Earth is but a | In com- 
pariſon to the diſtance of the ſtarry 


Heaven; let us be on What part of the 


Earth we will, we fee juſt one half of 
the Heaven, if the nn or limit of 


by hills, Ani zr 8 poles Say wi 


ven are directly over the poles. of che 
Earth; ſo the equinockial in the Heaven 
is directly over the Eartii's" "equitor, Wl 
on” 33 

Now, as the Earth 1s Weh A cle 
Hewel appears to us to be round like 
the concave ſurface of a great Tphere or 


hollow globe; 'tis plain, ar e were 


at the Earth's - equator, | the equinoRtial : 


* 


in the Heaven would be over our heads; 
and the North and South points, or poles 
of the Heaven, would appear to be in 
the North and South points of our hori- 
on, or limit of view. But if we go 
one degree from the equstor, ' towards 
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either the North or South pole of the. 
Earth, the like pole of the Heaven would 


appear to be. one degree elevated above 


our horizon, becauſe we would ſee a 


degree of the Heaven below it; and the 


contrary pole of the Heaven would be 


one degree hid below the - limit of our 
view.—If we go two degrees from the 


— the pole will appear to be two 


elevated above our horizon; and 


ſo on, till we go to either of the Earth's 
poles, 90 degrees from the equator z 


and then, the like pole of the Heaven 
would be j 


greateſt elevation it can have... as ſeen 


from any part of the Earth. And as 
the number of degrees we are from tho 
| Earth's equator is called our Latitude, ſo 


the number of degrees of the elevation 
of the celeſtial pole 


elevated 51+ degrees above the horizon; 


| it over our head, or 90 de- 
grees above our horizon; which is the 


7 


le is equal thereto. At 
London the North pole of the Heaven is 


which ſhews, that London has 51+ de- 


grees of North Latitude from the equa- 


tor. And as Latitude begins at the 


* | | equator 7 


1 
2 


„ Las! Aerkeneur. ” 


_ equator, the place thereon have 152 Lati- 


wude at lt! We 


there is no viſible cir 
divided into degrees, to reckon by. 


N. But we have an Arbe geht 
a Quadrant, ' Which is a quarter of 4 


cirele, drawn on a plate of metal, and 
divided into 90 degfees; and it has a 
plumb line Uk a Weight hanging from 


its center, Which line always hangs to- 


ward the Earth's center, when allowed 
to hang freely. And if we look at the 


Pole along one of the ſtraight | edges of. 
quadrant, the other edge will be as 


the qua * 
many degrees from the plumb line, as 


are equal to the number. of degrees of 
the pole's elevation Above the horizon of 
our place.— And, by that meatis, the ele- 
vation of the pole, and. n the 


latitude of the place, js 


DWN. 


E. IS there a ſtar fixed exatily | in SI 
North pole, by which means wy * 


know by 1 where that pole INN EY 


E. But how can you tell hy wing fats | 
ber of degrees the Pole is elevated? for 
circle in the Heaven 
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N. No: but there is a ſtar of the ſe- 
ame, magnitude, about two degrees from 
the North pole, and it is called the Pole : 
Har. And as the Earth's motion on its 
axis cauſeth an apparent motion of all 
the ſtars round the poles of the Heaven: 
the pole ſtar appears us to deferibe A - 
the Tale: itſelf, every .. 24 hours. And 
therefore, if we ſubſtract two degrees 
from the greateſt obſerved height of the 
pole ſtar, or add two degrees to the leaſt 
— 8 4. height thereof: the reſult gives 
the elevation of the Hole: at the place of 
oben. 3 
As the North pole is elevated 514 . 
grees above the hori zon of London; all 
thoſe. ſtars which are within 514 of that 
pole never ſet below the horizon of Lon- 
don. And therefore, if the greateſt and 
leaſt altitudes of any of theſe ſtars be 
taken with a quadrant, half the diffe- 
rence of theſe altitudes being added to 
the leaſt, or ſubſtracted from the great 
TI above 
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the horizon, | s 
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Aud thus, we can very eaſily. and ac- 


4 cura ely find the Latitude of any place, | 


by means of any ſtar which never ſets 


below the horizon of that place. „ 
The Latitude of any place may allo 


be found by. the Sun's altitude at noon, 
on any day of the year, 5 uite indepen- 


dent of the ſtars.—I will fipſt endeavour 


to ſhew you the reaſon of this, and then 
ſhew you the method. 


The Equinoctial in dhe 1 OSS 18 EN 


| 9A, over the Equator on the Earth. 


An juſt as many degrees as the Latitude ; 


of any given place is from the Equator, 


ſo many degrees is the point of the 


Heaven, which is oyer the place, from 


the Equinoctial. Conſequently, if we can | 


find how many degrees the point of the 


1 Heaven, Which is directly oyer our place, 


is from the Equinoctial, we thereby find 


how many degrees our place 1s from 


the Equator; or our Latifage. - © 
The Sun is in the Equinoctial twice 


ere ery year; namely, on the 20th of 


March, and 2 3d of September ; and then | 


2 be is n over the Earth 8. Equator. 


R From 80 


noctial, on any day 
the Sun's Declination for chat day; and 1s 


| denominated Nerth or South, as the Sun 
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From the Scl of March to the 23d of 
September, the Sun is on the North-ſide 
of the Equinoctial, and from the 23d of 5 
September to the 2oth of March, he is 
on the South-ſide of it. The number of 


degrees that the Sun is from the Equi- 
of the year, is called 


is on the North or South fide of the Equi- 
noctial — 8 that, Declination in the 
Heaven, i is the Lame as Latitude on the. 


Earth. 
There are <yables.-* Jay" Tals . 


which ſhew what the Sun's declination 
is, at the noon of every day of the year; 

as it is North or South on that day —And 
"the point of the Heaven which is direct 
ly over any place, is 90, [ eg ree obe 


che horizon of: that place. 


Now, to find the Latitude mm the place, 
as ſuppoſe . London, which is on the 
North fide of the Equator; 5 obſerve the 
Sun's. altitude at noon, by means of a 
quadrant, on any day of the year: and 
* then, if, by the tables, you. find the 


Sun's 1 
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Sun'; 8 declination to be North on that 
day, ſubſtract the declination from the 
Sun's meridian altitude, (that is, from 


his height at mid-day, as found by the 
quadrant) and the remainder will be 


| the height of the Equinoctial; which 
height being ſubſtracted from 90 de- 
grees, will give. the Latitude of the 
Place. „ ye FH 
Thus, on the i". of - Tg the 
tables ſhew us, that the Sun's. declina- 
tion is 235 degrees North; and if the 
Sun's altitude be obſerved with a qua- 
drant on the noon: of that day, the al- 
titude. will, be found to be juſt 62 de- 
grees. Now, ſubſtract 234 degrees from 
52, and the remainder will be 387 de 
grees for the height or elevation of the 
higheſt point of the Equinoctial above 


= the horizon. of London; which height 


being ſubſtracted from 9 degrees, leaves 


remaining 51 15 degrees for er nn 
of London. 


Pn 
1 


IF the Sun 9 3 bo 88 "tl : 


: its quantity to the Sun's obſerved alti- 
* at noon, and the ſum will. be the 


F x 3 5 elevation 
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devation of the higheſt point of tlie equi- 
noctial above the” horizon of the place; 
which elevation being ſubſtracted from 
go degrees, will leave a remainder equal 
N 6 the Latitude of the place. 5 3 
Thus, on the 21ſt of Diberliber; the 
tables ſhew us, that the Sun's declina- 
tion is 237 degrees South : and if his al- 
titude at noon be taken at London on 
- that day by a quadrant, it will be found 
to, be juſt 15 degrees ; which being add- 
ed to 231 degrees of South declination, 
gives 38x degrees for the height of the 
equinoctial, which height, being ſub- 
ſtrated from 9 degrees, leaves 514 re- 
maining, for the Latitude -of London, 
as before. Do you underſtand all this, 
Eudofia t 1 

E. I think 1 do, on Kecciünt ap the 
teaſons: you have given for the proceſs.— 
But I will conſider it by and by; 3 and 
then tell you if I find any difficulty. 
N. Do fo: and now we will talk : 
about the Longitude. The eurve lines 
_- which you ſce drawn on the globe, from 

mor” to Lau (PL, ATE I. 9 are call- 


ed 
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0 a and each of thaw; 1 71 
* meridian, to every place through which 
it paſſes; becauſe when it comes even 
with the Sun, by the turning of the 
globe on its axis, the Sun is then at the 
greateſt height, as ſeen from all places 
on that meridian and conſequently, | it 
is then mid-day or noon, to each of 


 them.—There are only 24 meridian ſe- 


micircles on the globe, at equal diſtan- 
ces from each other; but we may ſup 
poſe the whole ſpaces between them to 
be filled up with other ſuch. meridians, 
becauſe every place, which is ever ſo 
little to the Eaſt. or weſt from the mo- 
ridian of any given place, has a different 
Warden from that of the given place. 
The whole circumference of the equa- 
tor is divided into 360 equal parts or 
degrees: and the Engliſh aſtronomers 
and geographers begin (what they call) 
the Longitude, at the meridian of Lon- 
don, and thence reckon the Longitudes | 
of other places to the Eaſt or Wet, as 
the meridians of thoſe places lie Eaſt or 
MWeſt from the Meridian of London. 
on oe 8 


Age 


* 
io 
. 


er Welt of the rden of London, is 
equal to the number” of + degrees inter- 
cepted etween the meridian of kłhat 
place and the meridian Ff London: ac- 
cording to the Engliſh way -of reckon- 
ing. Thus, a meridian drawn through 
b en in Denmark,. would eut the 
Equator 13 degrees eaſtward of that 
Point” where the meridian of London cuts 
it; and a meridian drawn through Phi. 
ladelphia, in North-America, would eut 
the equator 724 degrees weſtward of the 
point where the meridian of London 
cuts it > and thefore, we fay, the Lon- 
gitude of Copenhagen is 13 degrees Eaſt 
from the meridian of London (which is 
termed the firſt meridian by the Engliſh ) | 
and "The: — ogg of een is 7⁴ 
people, who kn: wht: San 
5 a LA. mean, reckon Latitude to 
begin at the Equator, that they may 
find the Latitude by the elevation of the 
pole above the horizon. — But, as they 
may ow” the DO at the _ 
an 
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clan of any place; 1 ſuppoſe "moſt na- 
tions reckon the Longitude of all other 
places from the meridian of the ae 
pal city of their aun kikgdom: or 

tion. A | | 
E. Why is it it bb. difkeule a matter * 
find the Longitude of any place, from om 
the meridian: of any other place, in com- 
banden ene 7 


our Latitude by its elevation above the 
horizon of our place: but there is no 


2 meridian in the: Heaven, ic keep | 


n of any place 
on iis Earth If where Were 4 a me- 


ridian, the. Longitudes of all other places 
from it might be as eaſily found, by its 
elevation above their horizons, as their 
Latitudes are found by the elevation of 
the pole, or by the declination” of the 
| Sun from the Equator. 


E. I underſtand you- peifeftly ont 


Biz: pray, what are the beſt methods 


that have heen yet ONO for _—_— | 


the 3 
* The 


N. Becauſe. we have a fixt point, or 
ole, -in the Heaven, Which ſhews us 


U 


122 The 3 Orurlsnan and 


N. The beſt method, in theor . is "by. . 


a machine that will meaſure time e 
ly, ſo as to go as true at e as a Wen 
clock does on lanc. 

E. Pleaſe to explain this. 


N. The Earth's circumference is 360 | 


a and as it turns round its axis 


eaſtward every 24 hours, it turns * 


degrees every hour: for, 24 times 1 15 


are 360. Therefore, every place * | 
meridian is 15 degrees Eaſt of the me- 
ridian of London, will have noon, and 
every other hour, one hour ſooner than it 


as ſo at the meridian of London. Every 


place whoſe meridian is 30 degrees eaſt- 


ard of the. meridian of London, will have 
noon, and every other hour, two hours 
ſooner than it is ſo at the meridian of 
London; and ſo on: the time always 
differing one hour for every 15 degrees 
of Longitude; On the contrary, every 
place whoſe meridian is 15 degrees Weſt 


-from the meridian of London, will have 
noon, and every other hour, one hour la- 


ter than it ſo is at the meridian of Lon- 
don ; and every place whoſe meridian is 
30 


Fl 


6.0 RR 
M * 8 
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* es weſt from the meridian of | 
London, will have noon, and every other 
hour, two hours later than it is ſo at the 


. meridian of London; and ſo on. 


. Although this Gan: plain, 1 ſhould 
bs glad to have it illuſtrated by a figure. 
N. And here is one (Fig. 2. of PLATE 
III.) ready for you; in which, let & be 


the Sun, 4b cdef, &c. the Earth, turning 


eaſtward round its axis, in 24 hours, 
according to the order of the letters. 
Let P be the North pole of the Earth, 
andaP,b P, e P, d P, Moe. be as muck of 
24 meridian femicircles as can be ſhewn 
in the figure, at 15 degrees diſtance from 
each other: and ſuppoſe 4 5 to Wy "Ow 
meridian of London. 

Then, which ever fide of the! n 
is at any rune” turned toward how os. it | 
— . as aprefbsd by che light * 
ſmaded parts of the Earth in the figure. 
And, as it muſt be XII o clock at noon 


on any meridian which is turned to- 


— 


2 the ſun, at any moment of abſolute 
becauſe that meridian will then be 


in 
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in. the middle of the enlighened half of 
dhe a ng as on the meridian P a; it ia 
that it will be twelve o'clock at 
nicht, at the ſame inſtant, on the oppoſite 
meridian n P, becauſe it is then in the 
middle of the dark. VI o'clock in the 
morning on the meridian 7 P, and VI in 
the evening on the meridian g P; and 
- &, all the intermediate ren on the 
intermediate meridians, at the very in- 
ſtant when it is noon on the meridian 


P a. 80 chat, ſuppoſing P g to be the 
meridian of 3 it 1s plain, that when 

it is XII o'clock there it will be 1 o'clock 
in the afternoon on the meridian P 5 


becauſe that meridian 1 is paſt by the fun 15 


degrees, or one hour, to the eaſtward; II 
clock in the afternoon on the meridian 
Pc; III o clock on the N and 
ſo on. But, it can only, be XI in the 
forenoon, on on the meridian. P; — at 
is noon on the meridian P a; becauſe 
P 2 is then an hour ſhort of being even 
with the ſun: X o'clock in the forenoon 
en the meridian P y, becauſe that me- 
ridian 


Ne * 5 , 8 x. 22 % 
x q 2 : , . > od EY =. J 4 | = * ; © 2 - 
LAS "AST EHM = * 
4” ; 2 os 7s Pc 3 


win the fin zend 0 en. 1 

No, 8 an 
how to find the time of the day at the 
place of hisſhip; by the height of "the 


ſun; or the time of the night by the a 


Height of any given ſtar that revolves: at 
a good — from — of the eat 


the place. bf! chie-5thip be -may find "the | 


% 


Longitude of that place in the following 
manner, if he can r 8 e N 
 gping af his wach. St: 122 
Before he ſets out obey: any A 
-fappoſe from London, Let PEAS ov 1 
watch td the exact. . 
then, let him ſail where he will, 
watch will abways ſhew him what 4 
time is ab-that port "A which! he 


Out. EE of Ce 5 
Now, ſuppeſe Ault x to > at fa, er 
way to the Weſt- Indies; and that he has 


failed from London at 4 as far weſtward 
as x, and then wants to find the Longi- 
tude of the place of his ſhip at x. He 
"Joes finds the Latitude of the place x, 


and 


* n 
rr ——_—_—__ Cs 
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and then, by t the altitude of the ſun, finds 
the time at that place; ; which we hall 3 
ſuppoſe to be N o'clock in the morning 
he chen looks at his watch, which ſhews 


the time af London, om the meridian Pa; TT 


and finds: that it is XII o clock at noon on 


the meridian of London. By this he 


knows, that he is three hours to the 

Weſt of London; and as every hour of 
time anſwers to 15 degrees of Longitude, 

he finds that the ie of the place 
ol his ſhip is 3 15, or 45 degrees 
Weſt from the etzt e of London. 
grees of Longitude, ſo every four minutes 
anſwers to one degree. If he had been 
as far eaſtward (as at d) from the me- 
ridian of London, he would have found 
it to be III o'clock: in the afternoon at 
the place of h is ſhip, when his watch 
would have ſhewn him that it was then 
only mid-day at 3 : and ſo, in tbat 
cCaſe, he would have known that the 
Longitude of his ſhip was 45 degrees 
a from the meridian of London. 
0 . This 9 to me to be a very 
V rational 


* 
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and and 95 method of finding the 
Longitude, if a watch can be made that 
will keep exact time at ſea,—Pray,/ has 
there ever been ſuch a watch made, ſo as 
that it can be depended upon? for other- 
wiſe I ſhould think it very dangerous; 
becauſe, for every four minutes that * 
would either gain or loſe, it would cauſe 
an error of a whole degree | in Qreckoning 
x the Longitude. 

N. Mr. Harriſon has nee che beſt 
of any who ever yet attempted to make 
ſuch a watch. But that watch has been 

found not to keep time quite ſo exactly as 
was expected, after ſome months trial at 
the Royal Obſervatory at Greenwich. Vet 
it muſt be acknowledged that Mr. Harri- 
ſon has very great merit, and deſerves 
the reward he has got for his ingenuity: 
and many are of opinion, that he can 
ſtill make a watch that will meaſure 
time more exactly than the one which 
has been already tried (and for Which 
he has got the reward), as it 18 the _ 
one he ever made. 
3 method 1 which is a very 
9 ſure | 


” | * 
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© been -praRtifed for many years: atid.thar | 
1 ies { ©. He” 


ER the eli lpſes of - Jupiter's: "Io 
but it is a with: two! inconveni- 
muas 08 . teleſcope to 
3 are ee deer der be, prattice | 
the:thips uche nd 1 59 

of theſe eclipſes can be ain the wy 

time, decauſe Jupiter is not then viſible. 1 
| . But I ſhould think it muſt ſtill he 5 
1 very dae, e eee Longitude f 
4 wot 5: where the 5 


9 
2 


f — RAin 
| culated atables Which ſhew. HAM times 
4 of thoſe: eclipſes, all che year ro "FOUL 
ſerves either of 1 upiter 8 moons (0. : 
| juſt at One o clock in the morn- | 
1 8 ing: 


3 amaica, 1s thus found 
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of the dif Ferent leng eths 0 


© SEASONS, an : various 


your late com 0 405 

0 clock till _ 4 quite wel, 985 
N. I am 755 to hear it. What 

Tubject” do you s 


8 I ſhould de gad to —— 
on why the days and nights are of e . 
ferent” lengtlis at "different times o 
year. For) although tis plain, that” the 
turning of the Earth round” its axis 
once every 24 hours, "muſt cAUſE a con- 

tlirual ſuecefpion of day and night in 
hat time; the ſatne s if the Earth 
were at reſt, and che gun moved round 
it ini 24 kours; I d not underſtand the | 


redſbri why the days and * are 
ng, 


you have already told me,” 13 appears 
plain, by the ſtated Laces . 15 d. 
har the Sun catinibt Have 75 ich m 

Ah, licher Sine , en 


N. I ne ca ith, : 2% 4 ya ha at 
Don ſer ke Tali" of Buck "6 : 


any motion * the. Suri n in W rd . 
math Ward acrofs the Equ ator —Pleaſe t 
kent that candle, by wa  * 

Ts EE — K 2 
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and ſet it upon the table, whilſt I ſhut - 
the windows y'. ſo that. we may have 
no 1 in dhe r room but from Fs 
= There it is, besen, A 
N. Now, I put a wire axis n 
our ſmall three inch globe, 1o as to reach 
a little way out from its ſurface in the 
North and South poles. I move the 
globe round the flame of the candle, 
keeping it always at the ſame height 
2 the table, and its axis perpendicu- 
lar to the table: and you ſee that the 
candle is always even with the Equator 
of the globe, and 3 it juſt-from 
„ tanita wad tor 
E. Exactiy o. E bob 1 | 
WV. And that one I he 3 * 
d by the candle, whill the 
other half is * and conſequently, that 
it appears as if it were day on the ſide of 
the globe next the dee . Ae on 
the oppoſite 1 2 
2 Very — hg nt 9 
2 1 now turn the. * 1 1 
axis many times in, the time T 
| move 


A 
„ 5 ä wes F* ; 
KS LH $04 SO : 2 IS. 2 


Fi av Asen, v. 
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move it round the candle as” Kadviee'' 3 
and you ſee that every. 


face, from the north 


and carried round about the candle once 


part of its ſur- 
to the South, 
goes equally through the light and 
ſhade. 80 that, if the globe was turn-. 
ed round its axis once every 24 hours, 


in a year, _—_ point of its ſurface from 


pole to 


0 


'S 


would be twelve hours 


in the iche. and e- Rn" in yy 


dark. 


* 


4 Undoubtedly: it ald 

N. Then, you ſee, that . the 
candle to have no motion from one ſide 
of the Equator to the other, and the 
axis of the globe to keep perpendicular 
to its orbit, and its whole courſe round 
d N ce 


the candle, the days a 


never vary in their Nep. 


E. Self. evident. 


2 


og 


& 7 * A - 
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VN. I now iclige the Nor 7. r 
che axis a little toward the candle, and 
turn the globe round its axis. Vou now 
ſee that the candle ſhines as far over the 
North pole as the axis of the globe is 


the candle; and Yhat all - 
K 3 
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thoſe thoſe. places o the northern. hemiſphere 
which go through-the dark, -go through - 
leſs of it than they do of the light; ſo 
that their days are longer than their 
nights: and the candle, - being on tha 
North-ſide of the Equator, ſhines as für 
mort of the South pole, as it ſhines _ 
the North pale: and eonſequently, all 
the places on the ſouthern hemiſphere. of 
the globe, which go through the light, 
_ go through a leſs portion of it than they 
do of the dark; and fo haue e wm 
Garter then cher nich... A 

But, make the Narth _ of hat axis 
decline from the candle, turn the 
Slabe raund its axis; 3 n wil 
not enlighten | tha globe to the North 


Pole, but it will ſhine round the South = 


pole. And now, all the northern places 
of the globe which go through the light, - 
go through leſs ef it than they do of 
the. dark z ſo that the days are ſhorter 
than the nights on the North - ſide of the 
Equator, and the contrary. on the South 
ſide of it —Yau. now fee, that turning 
the poles of the Earth . more 
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br Hefijitoward! dd From the gun ein 
bavie ihe fue effect, as if che Sun Tall 
moved: novthwvard and ſouthward, t6 dif- 
ferent. ſides. of the Equator. for; pee 569 
. All, indeed. — But do the 
of the Earth ineline toward che Sun, an 
from im, in that inner, at düfkerent 
times 1 „ en e ee 


PLATE IV. Ng. 1.) by which che whole 
matter may be” very eaſily. ex- 


4 8 . : 
»M * 5 vs 3 
8. 


3 * Bye As 1 1 
' ; , - by Nr 
. 5 «+4 L. 8 £ 44 3 4 * 


Let AB CDEFGHA repreſent” the 
Fan's dern, (ac obliquely,” hich 
tutto bo eee pcie ler. 
Sun 9 cording to thx rer oÞ the jet 
em B. C h, dr, nee wer) gern. 
*, fuppoſe à great cirele P # 1 75 K, 
wo be drawn round: che Earth, "through 
its North pole P and its South pole >; 
and let Q be the Equator. gol ty 77 1 3 , 

Divide the great eircle Pu Tp * int 
3660 equal parts ör degrees; ahd sst of 

23 of theſe degree from F to age Th 
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: draw a cirde- al: round i it; which al. 
tze North polar e und 4 ſuppoſe juſt. 
ſuch another circle draw 3 
the South pole. FV 
Make the Babe axis Dips dive 
2231 degrees toward the right hand fide 
of the plate; and let the Earth I be car- 
ried round the Sun 8, in the orbit A, B, 
0, D, &c. in the time of its turning I 
times round its axis: and, in its who 
courſe; let its axis P y ſtill incline 235 
degrees toward the right-hand Do: of the 
Pe. I 
Then 4 tis ad that when ahe "mY 
is at 7, the whole north polar circle falls 
within the enlightened part of the Earth; 
and all the northern places between the 
Equator Land the North polar circle 1 
are more in the light than in the dark: 
and therefore, as the Earth turns . 
its axis, theſe Places will have longer 
days than they have nights: and the 
Sun will point as far North of the Equa- 
tor 9, as ſhewn by the ſtraight line R., as 
he ſhines round. the North pole P; for 
"the, diſtance He "worry from the 
| hs er, 


50 33 
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Lars AST No, {4 * 


Equator, is equal to | dif P 
from the North po 


grees.— This is 


earth's: poſition on 


the 21ſt of June, when our days are 


at the longeſt,” and N at the thort- 
5 At | the | diſtance 2 T 58 585 degree 
Wort and. from the 

eirele T, round the globe, parallel 
to the Equator: : and as the Sun is di- 


ret 8 


rectly over tlie circle 7, in the right line 


X, and can never be farther North of 


the Equator; but begins then to recede 


as it were, ſouthward from tlie circle 70 
that cirele is called the Northern Tropic, or 
limit of the Sun's greateſt North declina- 
tion from the b ee 
As the Earth moves on in its orbit, 
rü T to K, its axis Pp inc ces *more 
and more ſidewiſe to the 8un &; as it 


2 keeps parallel to the poſition it had 


en the Earth was at T. for Which 
reaſon, the northern places are gradual- 
ly turned away from the Sun; and their 
days e ſhorter, and cher nights 
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And, as | tht Bet 's rota- 
tien on its axis then catries all the parts 
its between the poles 


of. 


ary” 


more turned away, from 3 81 and 
h go through the yah and the 
at; 40 > Sher bi Wen | 
1+ ib; 1 


| ; \ , 18 Te” f * 
* N 14S 5 * n 14 3 * 7 Mey PEE NE N 
* F ; "* 1 f Pas 


. 


When the Earth comes to L. in its or- 
5 its North pole Pi is a8 much turned 
away from the Sun 8, as it was am 
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toward him hen the Earth was at T. 
and therefore, when the'Earth is at L, 
the whole North polar eircde a i in the 
dark ʒ and che Sun 231 degrees 
South of the Equator "9; and is then 
_ over the cirela , which is parallel to the 
Equator, and is called be ſourbern tropic, 
becauſf it is che utmoſt limit of the Sun's 
South declination from the 
This is the Earth's poſition on the 2it 
of December, ney! all 8 in 
the northern | 
through the ght, and 
through the leaſt Tooiteg eager. 
and the greateſt” of che dark, that they 
can do on any day of the year. And 
therefore; the days are then at the ſhorteſt, 
and nights at the longeſt, in the Northern 
half of the Earth, all the way from the 
Equator: to the North polar cirele 2; 
8 = Rnd Wide” ave I? Es 
es the Earth Senses Wom L to M8, 
. through the part E F ef its orbit, its axis 
* is gradually more and more turned 
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ſidewiſe to the Sun; the northern places 
fall more and more into the light, and 
their days lengthen and nights ſhorten. | 
And when the Earth comes to M. which 
is on the 2oth of March, its axis neither 
inclines toward the Sun nor from him, 
but ſidewiſe to him. And then, the Sun 
is directly over the Equator and en- 
lightens the Earth from its North pole P 
to its South. pole p: and as it- turns round 
its axis, every place on its ſurface from 
pole to pole goes equally through the 
light and the dark: __ has the day | 
ond might, of an equal kast. yy Wh, 
Lab as. the Earth. goes on Sat M 
Fa 40 in the part G H of its orbit, its 
North pole P, and all its northern * 7 
from the Equator to that pole, advance 
gradually more and more into the light; 
and ſo, have their days longer and 


nights ſhorter, till the Earth comes to 1 . 


on the 2oth of June, when the days in 
thoſe places are at the longeſt, and nights 
at the ſhorteſt ; becauſe they incline the 
me to the Sun that they can do on any 
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day of the year; ; wad conſequently,” they 
then go through the greateſt portions of 
the light, and the leaſt of * dark, all 
the way from the Equator to the North 
polar Gele 1; within which circle thets 

is then no darkneſs at all. 50 

And thus, as the Earth's: axis till in- 
clines toward one and the fame fide of 
the heavens, in its whole annual courſe 
round the Sun; as in the figure it does 
toward the right hand ſide of the plate; 
it is evident, that its axis muſt incline 
conſtantly,” more or leſs, toward the Sun 
during our ſummer half of the year; 
and more or leſs from him during our 
winter-half. That, when it is ſummer 
in the northern hemiſphere, it muſt de 
winter in the ſouthern, and the contrary: 
and that there can be no difference of 
ſeaſons at the Equator, becauſe it is in 
the middle between the poles, and always. 
equally cut in halves by ths” Wong 

of light and darkneſs enn e 

201 E. 7 This very DI * ſhews ah n 
0 5 d * e of days and 
F 2 as, 


2 
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Salons. — at. as 1 . the matter, 
each pole, in its turn, muſt bes con- 
tinually in the light for half a year to. 
gather; and in the dark for tlie other 
half: ſo that it appears there can be bat 
one day and one bt * xe we 7 in 
the whole year. 
NN. You are quite h Bachl; mY 
have told: me the very i: 3 mat 1 was 
e eme : 007 di beine 
E. I came into you, room: yeſterday 
Ae ode ck; bet yo Happenel 
then to be out: and freing w book! Ming 
open on your table, I locked into i; 
and found mention made of the: teli prix, 
the: m thereof, and thie Sins piu. 
Pray, what ming A 5 and: N afs 
ite gn? 1 127 
N. E the n of + me. Bürtiro :ofbit 


were produced: out to the ſtars, Ie n 


broad circular thin plate; its edge 'wodll 
em a great circle, among "the hive"? | 
which great circle (tho en an intlagins 

ary one) we eall ibe Eobptiz.”” And as the 
Barth maves in the plane of ſack & cio 
| _ in its * courſe round: che Sun 
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ill be was From: from thei: Siatias 
moving in ſuch a circle; athong the ftars 2 
and, at anz given time, in... the ..oppoſite 
point of that cirde to. the point 3 it in 
im then rs- as,” ſeen. from 

che Earth- 80 that, as the Earth goes 
round che Sun once. g years. the gun will 
appeal. to us, to deſeribs a great einele 
among the Karge, in year. 4 iI A $3 
Aſtronomers divide e n 
rwelvecqual parts; called S nc, and each 
led De, ers- 


— — — — 


figar:into 30 equal. Pakts. 1 
And ie wren, Sign. and Degres the 
Eerth would: appear a8: form from the 
dune & an Sen times the Sun, muſk 

wen appear in; the qe Sign and De- 

gree as ſeen from the Bath, and - the 
part oh the Relptie i which, the/ Sun's 
Tenter aper 1. bes A8 een from the 

Earth at any given inſtant of: Hime, is 
LG called:be. Sun ice en ele Kellpejs, at Wat. 
. , time. | W130 VII Ness 192815 OJ 
base Sign: arp called Arien, Faw 
Gemini, 3 ir go. dens e 5 
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oc 


rith ef fs uly, the Si | 
enter Leo till” the 23d; ſo that he m 
yet be in Cancer! Take 11 from 23, | 
and there remain 12; "6s rhe. the Sun 


ing, to enter upon any T7 5 
. Why not; and continue it 00 t 
93 bell calls us o! eakf Wot 
4 half hls Bak 1 and till then, 1 

3 - ſhould 


WE” * 


Laus AsFrOnNOMY; | 


ſhoukl be glad to learn backing ben 


L Very well: it is your Srovingh: to 
queſtions, and mine to anſwer them. 


33+ 


E. What is the cauſe of the Moon's 
appeating” of ſuch different ſhapes as ſhe 


does to us every month, always inereaſ- 
ing from e change to full, and « deer 
from full to change / ee e 


N. Be pleaſed to "light the ca Se 
again, and ſet it on vonder table, at the 
farther end of the room, whilſt 1 cloſe | 


the windaw-ſhutters.” And then, do you 
ſtand at a good diſtance from the e can 
dle, and look toward it, Pd. 
E. Very well, brother e 


* — 


. Here is a ſmall ivory globe, 5 g 


a wire through it, by way of an axis. 


I Will now. move tha globe round your 


head; and, as 1 carry it about, do you 


turn Jourſelf round, and "keep looking : 
at it. Let the candle repreſent the Sun; 


your: head the Earth, e Oe globe the 
Moon. As the candle can enlighten 
only that half of the - globe which is 

turned toward it, ſo the Sun can ods, 


2 


* 


——— —— — 


146 The YounoGanTLEMAN and 


enlighten ahnt kalf of the Moon vibich 
is at any time turned toward him. The 
2 other chalf ds in the dark, and the on 
Sqes roumd he o Ne her otkir o 
| . . 0% 5 ifs : 
As A Karry the globe und we diem d, 
the dak ſide of it is toward you when 
5 it is between your head and the candle; 

the light ſide when it is . carned half 
wund, or oppoſite to the candle with 
3 relpect to your head; and in the mid- 
dle between theſe, two poſitions, you have 
Ia the Hake and Ball 0 r 
Ward v. 

E. Very Wilde find: 2 the globe 
15 between me and the candle, the — 25 
of its [enlightened fide diſappears: when 
Jon moye it 2 Jide way from that. po. 
ſition, 1 dee a little; of its enlightened 
_ fide, appearing horned, like the Moon 

chen ſhe is a fes days old. When you 
cCarty it a quarter round, 1 ſee half its 
1 enlightened - ſide, which appears .jaſt. Uke 
the Moon when ſhe, is a quarter old. 
As yen move, it farther onward, 1: ke 
58 — 5 and mare 0 W * engt eyed hes S. 


. 


* 41 


BY + 
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And it continues to increaſe e the 

Noon, till it is juſt oppoſite to the candle, 
When 2 Nee the whole of its enlightened ; 
fide; and then it appears quite round, 
ike che full Moon. After which, I ſee 
leſs and leſs of its enlightened fide; + 
vchich gradually decreaſes like the Moon, 
until you bring it again between me 
and the candle; and then, the whole” 

ats e e e as 8 


37? an! Tok 
us to” increaſe from .t 


Tall; and deere: 
rage? 8 
E. Very an ande 2 Id; by think; 
it alſo ſhews that the Maon does not 
ſhine by any light of her own; but 
2 reflefting the Sun's light that 
falls upon her. For, if ſhe ſhone by 
her own light, we ſhould 9 Fe. her 
round, Uke the Sun. „ 
VN. That is a very good andintiiad- 
deruation, iſter; and it is a remark that 
1 L2 e might 


—— ENIISEEY —— 
— — N 0 de 2 7 —— 
9 — uw + £m 1 5 
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Ii: might poſibly have forgotten to 


make. 


E. But, | if you "Lad! not e the 


different appearances of the moon by 
means of a globe and à candle; how 
would you have done it by a figure? 


N. Here is à figure for that purpoſe 
(PLATE: IV. Fig. 2.), in which, let & re- 


Preſent the Sun, E the Earth, M the 
Moon; and a bSdef gba the Moon's 


orbit, in which ſhe goes round the Earth 


from change to change, according . to 
the order of the letters, that is, eaſt- 
Ward in the heavens; although | the 
Earth's aal motion round its axis, the 
fame way, being quicker | than the 


Moon's progreſſive motion, makes her 


appear to go round weſtward. When the 
Moon is at L, between the Earth and 
the Sun, her dark ſide is then toward 
2 the Earth ; and ſhe diſappears, becauſe 
"that fide reflects no light. When ſhe is at 
N. a little of her enlightened ſide will 
be ſeen from the Earth; and then ſhe 
will appear horned, as at =. When ſhe 
is at 05 half her enlightened ſide will be 


toward 


— 
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| toward the Earth, ans ſhe: will then ap- 
pear as at o, or in her firſt quarter, be- 

ing then got a quarter of her orbit out 
from between the Earth and the Sun. 
When ſhe is at P, more than half of her 
| enlightened . ſide is toward the Earth; 

and ſhe appears (»hat we call) Gibbous, 
as at p. When ſhe, is , oppoſite. to the 
Sun, as at Q, the whole. of her enlight- 5 
ened ſide is toward the Earth: and ſhe 
appears round and full, as at 9. 

E. Let me interrupt you a little fate.) 
Pray how. can the Sun thine upon the 
Moon, when the Earth is directly be- 
tween her and the Sun? For, I ſhould | 
think, that the Earth would ſtop the Sun's 
light from going to the Moon. 

N.. It does ſometimes; and then. the 
Fs is eclipſed: and. ſometimes the 
Moon comes directiy between the Earth 
and the Sun at the time of her change; 
and then we ſay, the Sun is eclipſed. 
But we ſhall talk of. theſe, Mato, aße. 
ward. : 

. 1 am very gladof i it: and, now, Sir, 

pray gd 
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. When th Mah is 4b K li WH S- 
he" un . fil 


ghtctied fide is turried 
m the Earth ; arid ſhe app ; 
glb again, & at 7, Wha the is 
"" hv + (tliree quarters round her orbit 
from between the Earth àhd tlie Su) 
half of her light ard half of ker dark 

ſide is is toward the Earth; aid ſhe àp- 
- pears' half decreaſed; or in her third 
garter, as at . When the is at U in 
her orbit, the greateſt | part of het H. 
lightened fide. is Fry away from the 
Earth; and Ilie pears hotned, as at 2. 
Alen the is betiveett E Firth ad 
Sun again, as bt A. fhie is quite i- 

Allie; becauſe the Whole of her t- 
enlightened ſite K&, then toward the 
Earth. 

2 This bes Fell Nang: T like the 


E. rb Bob the Mach ik. gok 


N. T arty 


R ONO N 15 5 15 
. Twenty e days, wache bu, _— 
four minutes, three ſgfonds.o 5d 18 


* 


. And what i is her N krone. — 
Earth's renter ® 1s D634 p40; Freh 2 
NV. "Two hundred: and torr thouſand | MF 
'B. — IR tines „ bull 10 — 5 
round the Earth, to 8⁰ round * Moon "Bf 80 2 i 
CEE EEE 


CE 


* 


N. Sixty times: and dee every % 
degree of the- Moon's io 


* N 5 * FLA. 


IF." | What is dhe Moon's 


E 3 « * ; > | IN. +478 35 
bb "iy 5 ES PIP? £7 | EF A 25 7 * 4 j : i 
Fo | Wo 


- 


Hot 


DST, I 
- 22 


* 
>: 
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ET 


- 
TS F »$ 1 * 


; i 
* : f 


N. The Moon's diameter is 183 1 
miles; and it is in proportion 7 = 
Eatth's diameter 23 100 are to 365. or as „ 
20 to VV a „ | 

Dy What are thoſe 3 which. 3 _—_ 
on the Moon? 1 think I have heard ſons = 
people ſay that they are ſeas. aft e = 

N. So they were: thought to be, be- f Y 
fore e 5 
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the Moon by. But now they are found 


to be only darker places of the land in 
the Moon, which do not reflect the Suns 


light ſo copiouſly as the whiter parts do. 
For we ſee they are full of pits and 
deep valleys: but if they were ſeas, 


they would have even and ſmooth ſur- 


E. 80 they h co Aerie: | 
But as it may be known by theſe ſpots 
whether the Moon turns round her own 


axis or not if ſhe does turn round, I 


ſhould be glad to know in what time; 


becauſe I ſhould thereby know 7 75 8 


doch her days and nights. 15 

N. She turns round her axis n 
in the time ſhe goes round her orbit; 
and this we know by her keeping al- 
ways the ſame fide toward the Earth. 

E. Then ſhe can have only one day 


and one night between change and 
change, or in 29 days, 12 hours, 44 
minutes, 3 ſeconds, of our time. 158 1500 


N. Exactiy ſo. | e 
E. And is her axis anchored! to ber 0 or- 
bit, as our Earth's 1 18 to its orbit? 


N. No: 


bobs vr” 's een 8 


N. No: hott axis is perpendicular to 
"thi ecliptic, in which the Earth moves; 


and nearly n 993 ber own 
arbit..:.: 

B. Then her Sn pl) 0 1 1 
5 be equally ſong; and the can 
have no different ſeaſons ? 


N. Lou are very right, Budefa. | 


E. But pray, brother, how is it bet. 


ble that we can only ſee one and the 


ſame ſide of the Moon, at all ae i |. 


ſhe turn round her axis? — For, I ſhould 


think, that if ſhe has ſuch a motion, we | 


muſt ſee all her ſides. 2 x 
N. Take up t bat little * be 
axis, between JOE fore e and 

thumb. 


E. There iti. te 
N. Now, hold its axis, „ 


ing, (as you hold your pen when you . 
write) and carry it round the de 


on the table. 
E. I do. 


3 
* ” 


* 


N. And do you 1 not 8 that as you [he 
carry the 9 deen, without turn- RY 


, SS. ing 


- 


/ 
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ing it at all on its axis, all A ſides” are 

we gre Want, 
Ive Curry it ntl. the ink Bern 
again; and try Whether | you! can make 
it Ai Leer ene and the fame fide to 
ward the ink-horn, without turning 
round on its axis, by turtiing the axis 
round d. © ts " IRON: and 
E. Vid it impoſlible 00 60 61 — fer 
in echt revolution of the globe about 
the ink-Hôorn, in order to make the 
globe keep ſtill the ſame ſide toward it, 
Fam obliged to tiirn the axis once round 

betwirt my finger ard them: and, as 
the axis is fixt in the globe, 1 eannet 
turn the axis round without: As 

the globe round too, 
VN. Well, fifter, King that hs Moon 
gots roundthe Earth in her orbit; as you | 
carry the globe round the ink horn; 
is not her keeping the ſame ſide always 
toward eee e axons Lang 
„ Me axis? 1 | 
E. It 


bor 8 „Aer ono Mv. Ig 


. E. It certainly is: and Ican alſo ſee, 
tn as the Sum is om the outfide of tas 
Motte ofBit,, her Ke 
ide toward. Ke arth 

: ſhew herſelf all round to "the Sun bt 
_ tween change and change.—For, in the 
time that I carried the globe round the 
ink Horn, ad ktpt always the fame fide 


toward it; you, who were on the out-ſide 


thecircle_ in which I carried the globe 
round, law all its fides. 


N. Fou are very right. — I. am 
ſorry to hear our breakfaſt- bell: for we 
| have not pet done with the moon. 
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DIALOGUE vu. 


On the MOON's motion TON: hs PRIOR 


and SUN ; and the ECLIPSES of the 
BUN andMO ON. 


Neander. 


0, Siſter ; — if yeſterday had not been 

Sunday, I believe. you would not 
have given yourſelf that day's reſt from | 
your aſtronomical ſtudies. 

Eudofia. To me, brother, theſe Rudics 
are recreations, which I eſteem better 
than bare reſt —And, on Sunday we reſt - 
not; but are better employed in the 
duties of the day, than we generally are 
on all the other days of the wee. 
N. True; 5 


6th 

N 
a 6 
"0 
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N. True; ; and therein. our duty is 
vn connected with our  intereſt,— 
Shall we now reſume our ſubje& about 


the Moon ? as I told you, laſt Satur- 


* 1 e * we had not n. * 
E. 1. you plesle, . e647 
NM. Then you muſt l ſtart the- 
game; a en thae” is dons, © we will 
Tr it. 
E. I think OR is" wy} ave 
r full as ſeen from the Sun, if ſhe 
. enough to be ſeen by an obſer- 
ver placed on the Sun's ſurface. 
MN. She certainly would; berauſk, 
whieh-ever ſide of her is turned toward 
the Sun at any time, that ſide would be 
A Aras eur by the Sun's = 
E. And 1 imagine, that if an obſer- 
ver were placed on the fide of the Moon 
Which always keeps toward the Earth, 
the Earth would appear to him in all 
the different ſhapes that the Moon does 
to us. Only, that when the Moon is 
net to us, the Earth would be full to the 
Moon; und when the Moon is Yall to us, 
. the 
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che Earth would Aiſoppear, or be ap to 8 
the Moan. 
N. What reaſon haue 7ou for think- ; 
ing do, Eudofia? : 
E. Becauſe, which-prer. gde of ae 
15 or Moon is turned toward be 
Sun at any time, t ſide 3s then en- 
Jightened by the Sun. And 8 
Mhen the gark ſide of the Moon MCH 
2. of PLATE IV.) is toward the E 5 
E, dhe enlightened ſide f the Earth is 
a ben fully toard che Mon; and Muſt 
appear to her cike a great full Aon. 
And when the enligbtened - dide of the 
Moon at . is fully taward the Earth, 
che dark ſide of the Earth is toward the = 
Moan; and therafqre it canngt appear 
to the Moon, as the Moon at M does 
ngt appear to us. And | farther, hen 
abe.moon appears half full, to us (or in 
herafirſt. quarter) at O, the Earth muſt 
appear half decreaſed to the Moon, be- 


ang then half, way between its full and 


change, as ſeen from her. And laſtly, f 
When the Moon is in her third 6 


7, alen from te and, de: 


an 5 


— 


Las AIDRONOM Y, 259 


a its firſt quarter to the 
Moon; it being then the middle time 
chetween the new and full Earth, as. 1 
from the moon. + 
VN. You are exactly 8 ft: and and 
unh farface: of the Hank is 13 times 


as large as the ſurface of dhe — 


schen the Earth is full to the Moon, its 
ſurface appears 13 times as big to the 


Moon, as the eee full moon 
does tons. TR Ne 


E. If the moon . heren on the 
fide which always keeps toward' the 


Earth, I think theſe inhabitants may as 
on find NE urs 


NV. "Tell me Wa * if uu ian 


makethat out, e Jang ws very 


Woll. 
E. When you explained Ae Atte 


to me, you made me underſtand, that 


if there were a viſible meridian in the 
Heaven, keeping always over one and 
the ſame meridian on the Earth, (which 
it would do if it revolved eaſtward in 24 

hours as the Earth does) the Longitude 
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of any other diam :6f the Earth from 


_ that meridian, might as eaſily be ifounc 
as the e of the pole above the 
horizon is found. Now, ſeeing that the 
Moon keeps always one and the fame 
| fide toward the Earth, tis plain, that the 
Earth will be always over an obſerver's 
head who is on that part of the Moon's 
ſurface which ſeems to us to be her cen- 
er. And therefore, 9 if Longitude on- the 


Moon were reckoned from the meridian 


of that obſerver, thoſe on all her other 
meridians on the ſame fide; might find 
how many degrees lie. between their me- 
ridian and that which is under the Earth, 
by obſerving how many degrees the 
Earth is Eaſt or Weſt of their man. 
But, as thoſe inhabitants who live on 

what we call the back of the moon, ne- 
ver ſee the Earth; they are deprived of 
that eaſy e of os choir {th 15 
ay 6 . $2 OR ob „„ Tort 


23 . 5 $ 


N. Truly, fiſter, 1 * to a you 
a very | fine ſpeech for that thought: but 


ſay 
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ec is, that I am very well pleaſed by it. 


E. I am very glad to hear you ſaß 

5 0 becauſe you thereby aſſure me that! 

am right. —But now a difficulty occurs 
to my mind, which 10 "beg POE will re- 5 


move. 


N. Only tell! it me; and I will remove 


„„ „ 
E. The Moon goes 5 70 Earth 


every month; and as the Earth goes 


round the Sun in a year, the Moon muſt 
do ſo too. Ho- happens it, that the 
Earth, by moving at the rate of 68,000 
miles every hour, in its orbit, does 

not go oft and leave the Moon be- 
hind. 

N. The > As is UP the ſphere of 
the Earth's: attraction : : and therefore, let 
the Earth move in its orbit as faſt as it 
will, the Moon muſt accompany it. F. or 
you know, that if you put a pebble in- 
to a ſling, and whirl it round your head; 
the pebble will go round and round 
your head, whether you ſtand ſtill in 


one and the fame 1 or Whether You, 
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walk direckiy — or ga round the 


_ circumference of a large cirele. And 


the tendency. of the pebble. to fly off, 
and the force with which 
ſtring to confine the pebble in its orbit, 


will be the ſame in one caſe as in the 


other. 
92 3 


1 W you, 1 for king 
| fer me right in this matter; and at the 
ſame time for convincing me, by the 
ſimile, that the Moon's centrifugal _—_ 
or tendency to fly out of her orbit, 

equal to the power by which the Parth 
attracts her, and thereby retains her in 
her orbit: for, if her centrifugal” force 
were greater than the Earth's attraction, 


you. hold the 


ö 


ſhe would fly out of her orbit, and ſo 


abandon the Bach. And if her centri- 


fugal force were lefs than the power by 
which the Earth attracts her, ſhe would 
come nearer and nearer the Earth in 
every eee, and e fall 1 it 
at Tt. - f 


N. 1 "Ep 5 TY " that” you very 


. need to be ſet right: and when 
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1 4%. your dlways improve port iy by 
5 wing further obſexyations. 8. 


"Be the laſt figure you explaitisd, 
#. Would ſeem, that the Moon goes jul 
round. her orbit. between change anc 
change. But I think, that « both the 
Fart and Moon go round the Sun in A 
| year, the Moon muſt not only go round 
ber orbit betweti change and e 
but even advance as many more 
as the Earth has moved in its hh 
during that time, in order to be again 
i conzanction with the Suri. For, in 
whatever" part of the didl-plate' of my 
Waten, I find the our and minute- 
Hans it donjunctien, I obſerve chat the 
minute Rand muſt ge as much more 
_ than! roumtt to the fame point again, bs. 
fore it overtakes the houfthahd; ad the 
| hour-hand advances in the intefvil be 
tween its laſt conjunction with the mi- 
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ev 
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Yo Lars very fight; ank your ik 


forence from the hour and bn Wi 
of this watch. i full 48. |} 
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fines the pebble and. fling. I drew a 3 | 


laſt Saturday afternoon, in order to e- 


plain this matter to you by it. But, . as 
you underſtand the thing fo well already, 
we have no ocaſion for the figure. 5 
E. Nay, brother ! -I beg you will ſhew 
me the figure, and explain it We if Four . 
time will permit. 


N. Then, here it is: : (PLATE V. EE 1. 9 
Let ABC DE FG be one half of ha 5 : 
orbit; which will do as well for Ls 
juſt now, as if the whole of it had been 
drawn. Let $S be the Sun, à the . 
the Moon when new, or between the 
Earth and the dun; and 741 the Moon's - 
orbit, in which ſhe goes round the Earth 


according to the order of the letters þ.5 


& J: and let the Earth, together with the 


Moon and her bre) e 9 
1 105 the. Sun in a var. 


Draw a diameter & þ of the Wise 
Mr when the Earth is at a; fo as, if 
that line were continued, it would go 
on ſtraight. to the Sun's center 8: tis 
plain, that when the Moon 1 is in the end 


% * AL 
- . 


1 
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SG of that line, 5 new, « or r be⸗ 
5 tween the Earth and the FÄ ; 
„ the Earth moves on, from a to 6, 
from 5 to c from c to 4, from 4 to e, 
&c. the ſaid diameter 2 b, L b, E B, k b, will 
ſtill continue parallel to the poſition þ b. 
that it had when the Earth was at a: 
that is, it will always keep perpendicu- 
lar to the bottom-line H of the plate. 
And therefore, if it pointed once $a. 
a fixed ſtar, whoſe diſtance from the SR 


3 


is ſo gr 
the Earth's s orbit bears no ſenſible propor- 
tion to that diſtance (which is really the 
caſe), „ the point þ would always keep be- 
tween the Earth and the ſame ſtar. _ 
3 underſtand you very well: but, 
do you ſay The ars are fixed? 

N. I do fay fo; and will convince you 
after ward that they are. | 
. . for interrupting you 
ſo often —Pray, now proceed. 8 

VN. In the time the Moon goes round 
from 5 to h again, in the direction 5 1h, 
ſhe goes quite round her orbit; which 
me would always do between change 


M3 and 
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and change, if the E 


ed at 2. | 
But as the Earth ran as far in 
its orbit as from 4 to between 
5 change of the Moon and the Next by 
ſuccesds it: tis lain, that when the 
Earth 1 is at 3, Td the Moon new at n, 
ſhe. will how gone more than round her 
orbit from to 4 ain,  þ the if ce 
m. And as all 3 17 they EDA 
© great or ever ſo ſmall, contain 360 
degrees (a degree being not limited. by 
any certain number of miles, bit by the 
length of the 300th part of a . the 
ſpace þ 5 mn, by. which the Moon has gone 
more than found her orbit, from her 
change ath to her change at 1. wil con- 


4 45 # 


Ir 
v4 


a degree, as the Earth. has moved in that 
time, from à to 5 in its orbit. Y | 
Alt the ſecond change of the moon 
from 55, the Earth Hen and the 
Moon at » : by which time ſhe Will have 
gone twice round her orbit fro rom 5 to 
n, and as much more a8 the ſpace | 
or Fer 5 1 2 her orbit contains, 5 which 
| oe conſiſts h 


always wp = 


— 
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conſiſts of as many degrees as the part 18 
' @ b c of the Earth's orbit does — © < il 
on, through the whole figure. | "BY 
E. I fee All this very . "TY * 
that the figure includes ſix changes of 
the Moon, as from 5 to m, from m tos, 
from 1 to o, from o to p, from p to 
and from ę to .- But, at the /aft of theſe 
changes, it ſeems (by the figure) that 
the Earth has not. gone half way round 
the Sun: for the laſt line of conjunction 


Sr is not quite even with the firſt line 
of conjunction a b S. 


VN. Nor ſnould it de; for if be | Ii 
rightly drawn (and I find 1 muſt ee 1 
care how I draw figures for you), it muſt al 
want 5+ degrees of the Earth's progreſ- 
five motion in half a year. For fix 

courſes of the Moon, from change to 
change, contain only 177 days, 4 hours, 
24 minutes, 18 ſeconds, which want 
5 days, 7 hours, 35 minutes, 42 fe- 
conds, of 182 days, 12. hours, which 
is the half of a common year. And, in 
that difference of time, the Earth moves 


* ſome- 
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ſomewhat more than 8 e in its 
or bit. | h : 


E. I remember you told me that 85 
time from change to change is 29 days, 
12 hours, 44 minutes, 3 ſeconds: Pray 
in what time does the Moon 1 tl Four 


: her orbit ? 
VN. In 27 days; 7 hours, 43 minutes. 
oh; ſeconds. 


E. And how far doth the Earth move 
in its orbit between change and 1 
of the Moon? 


VN. Twenty-nine degrees, [IP minutes, 
twenty-five: ſeconds.—And here you are 
to underſtand that a minute is the Goth 
part of a degree, and a ſecond is the 
Goth part of a minute. 


E. Then, tis plain, that between: Ange 
and change, the Moon goes 29 degrees, 
6 mine, 25 ſeconds, 1 more than round 
her orbit. ; = Ek | 


N. True Euds ofia ; 1 15 now I 8 
only to tell you farther, on this ſubject, 
that the Moon's going round ber orbit is call- 
ed ber Peri "ods cal revolution ; and that her 


011 
> go 8 


* 
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going round from change to change is called 
"FF ſynodical revolution. 

E. I thank you, Sir, for 1 — 
me ſo much. But are you not tired at 
preſent with hearing and uſmering: * 
1 ? . 

N. Very far 8 it—1 Jove tha lad 
Prog and my talking with 50 about 
them will keep ne from forgetting them. 

E. Then, I ſhould be exceeding glad 

as know ſomething about ie 
- N. You ſhall know that very ſoon.— 

In Fig. 2. of PLATE V. let S be the ſun 
M the Moon, and E the Earth; a b C d 

the Moon's orbit, in which ſhe- moves 
according to the order of the letters; 
and Cd D a part of the Earth's orbit, 
wherein it moves in the direction C D. 
The Moon is new when ſhe is at * and 
ful when ſheis at s. 

Draw the ſtraight line 5 fs — the 
ate edge of the Sun, cloſe by the 
eaſtern edge of the Moon, to the earth 
E: then draw the ſtreight line B e E. from 

the weſtern edge of the Sun, cloſe by the 
WO edge of * Moon, to the Eatrh. 


00 © BE. 
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E. Let theſe lines e fuppoſad 40 turn 
"round the middle line mann and che 
| ſpace e, within chem, between the 
Moon and the Earth, n ae ahe 
Moon's dark ſhadow, Pune 22-6 er 
cal figure, (like an inverted ſugar-loaf) 
and covers only a {mall part of the Earth's - | 
furface at E, and only from that fmall 
part, the Sun will be quite hid by the 
Moon, and appear to be totally eclipſed ; 
and it can be quite dark oniy at that part, 
becauſe the Moon ſtops not the whole of 
the Sun's hight at that Inſtant of we, 
from any other part —1 
n . wn HE Moon were nearer 
* b e its ſurface: and if the 
were farther from the Earth, her ſhadow 
would end in a point, ſhort of the 

. Earth's ſurface; and then, ſhe could. not 
| hide the whole body of the Sun from 
any part of the Earth; and thoſe - ho. 
were juſt under the point of the dark 
ſhadow, would ſee the edge of the Sun, 
Uke a fine luminous ring, all around | 
n 


But, 


whew this zun pppeary | to i has « cli 

by the Moon ; yet, in all ſuch Eclipſe, 
the Mogg hides more or leſs of the Sun 
Hom e Jorge. FN of the Earth's 
nee. For, 

Drayy the firaight Ts: 4 fo fans. we 
aſtern edge of the Sun, cloſe by the 


weſtern eue of the Moan, to the Earth 


| yung the weſtern edge of the Sun, cloſe. 
© hn no * of the Moon, to the 


0 5 ee 


n dark. pre Big rg 
For, when. the Moon is at M, an obſer- 
ver on the Earth at 2, will ſee. the caſtern 
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edge of the Moon, juſt as it were, touch 
ing the weſtern edge of the Sun at B; 
and an obſerver at o will ſee the weftern 
edge of the Moon, juſt, as it were, touch- 
ing the eaſtern edge of the Sun: but to 
all the places between u and o, the Moon 
will hide a part, or the whole of the 
Sun, according as they he between 7 and 
E, or between o and E, or directly at E. 

—This faint ſhadow, © all round the dark 

one, from u to o, on the Earth's fur | 
18 called the Penumzra, or r partial Py 


; E. Haw. many miles = 1 
the diameter of the circle: which the Pe 
numbra fills, on the Ear (8 ſurface ? — 


ee About 4700, ial its center Kan 
directiy in a right line from the Sun's 
center to the Earth's, at a mean rate. 
But when the Penumbra falls obliquely 
on the Earth's ſurface, its figure thereon 
will be elliptical ; and then, the ſpace 
that it covers will be much larger; eſpe- 
cially if the Moon be then at ber Teaft 
diſtance from the Earth, © 


„ 0 þ aa 


E. What „ 
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E. What g brother :. : is not the Moon' 8 
diſtanc ce fr om the Earth As the. 
ſame Ado 

N. by” no o means: 1 3 Moon' 5. or- 
bit is of an elliptical (or oval) figure; 3. 

and every ellipſis has two centers, which 

i a between the middle and the ends of 
its longeſt diameter: and the Earth's 
center is one of the centers (or, as they 
are called, focuſes ) of the Moon's. ellipti- 
cal orbit.—80 that, when I fqrmerly. told 
you, that the Moon's. diſtance, from the 
Earth"; 8. center is. 240, ooo miles, | only 
meant her mean (or middle) diftance be- 
tween, her greateſt and leaſt, diſtances. 

E. Then! underſtand, that the Moon's | 
diſtance, from the Earth / muſt be con- 
tinually changing. — Ho ſuppoſing . the 

Brun to, be eclipſed when the Moon is 
= = her, leaſt diſtance from the Earth; 
— what is the diameter of the ſpot upon 

| the Earth's ſurface that would be quite 

8 covered by the | Mgon's dark ſhadow; 

5 from m all, parts of which ſpot, the Sun 

would be. totally hid by the e Moon ? 9 
3 bout 180 miles. 8 
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= As the Moon's. diltance fin t 2 
Earth is fttle more dh a ED part. 


cotnpurat) I ft ha 
at the Earth will move 410 as faff 4 
the Moon moves in her orbit.—Pray, in 
what time will the dark part of the” ſha- 
dow move over about 186 miles of the 
Earth's furface? 

N. In four minutes atif 4 half a 
would go over that ſpate fooner, if tlie 
Fartli's motion round its axis, (which is 
euſtward, and conſet uently the fame way 
that the Mook's, ff goes Oper 
Earth) did not keep! che place on whith 

| longer ber the” thadbw 
tharit' would be, if the Edetli Half! ne 
ſuch notion. on 8 125 
: E. Phen' an eclipſe of this r e 
never continue total, 4 four .” 
nates and an half, at ally pfade of the 
Barth? - 

N. R e cat oth he al. 
ths tor, where -the . 
ier dle of aff 
And when it falls we" "ay 7 Bri of 

ritain, 
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Vritian, whoſ& motion is flower, becanſe 


it is nearer the motionleſs Pole, it would 
be ſooner over. 

_ DB. How then could the gun be car. 
wry” long as three hours, at the time 
of our $SAVIOVU R's crucifixion; as it is 
mentioned to be in the Goſpels?" 

N. There is no way of accounting for 
char darkneſs, upon aſtronomical 8 
ciples: for it was entirely out of the 

mmon courſe of nature? 

E. How do yo © prove a. it was out 
of the common courſe of nature? | 

NM Beexuſe our Saviour: was cracified 
on a full Moon day; and' then; the Moon 
being oppofite to the Sun, could nor poſt 
ſibly hide the Sun from __ . ha 

"We I Mount © very! l to n how 
you can prove, that the — ” was 
ona full Moon dap. 

VN. Becauſe it was” ab! che e 0 * 
Faſſover: and the” Paſſover | W. — 
E. You hive made Wi very . 
And. * you "I I ſhould: be 
glad 
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glad to how the cauſe of the Moon's 
eclipſes explained. 5 
N. In the 8 Ao. "ans: the 


ſtraight line 4g e from the - Eaſtern edge 
of the Sun, cloſe by the eaſtern edge of 
the Earth at g; and the ſtraight line 


B h k from the weſtern edge of the Sun 
cloſe by the weſtern edge of the Earth at 
Z. Let theſe two lines be ſuppoſed to turn 
round the middle line FM n, and they will 


include the ſpace between the part which 
is filled by the Earth's ſhadow n CE 


Tis plain, that, when the Moon is at 
m in her orbit, ſhe is totally covered by 
the Earth's ſhadow and eclipſed by it; 
as ĩt muſt then fall upon her, becauſe the = 


Earth is between her and the Sun... 


E. But how is it, that the W is 
at all- viſible, when the Earth muſt ens 
tirely ſtop. the Sun 8 light from falling | 


a her; and ſhe has no light of her 


own? For, the ſame ſide of the Moon 6 
that is toward the Earth. at her change, 


is alſo toward the Earth.: at her full. 
And, as we cannot ſee her at the change, 
1 3 we could not ſee her 


when. 
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| Wits totally eclip ; becauſe chat 
asf hr which i ci the oem ; 
caſe, when the Sun cannot. ſhine upon 
it, ſhould be as dark i in the latter, when 
the Earth intercepts the Sun's rays: from 
it.---But the Moon was. very viſible in her Tr 
laſt total .eclipſe ; for I ſaw her, and ſhe . 
| red of a colour f un like that 
05 of tarniſhed copper. 

N. You are very See in your re- 
marks, ſiſter j—and I will tell you why 
the Moon is not nde ** ſhe is 

5 5 e eelipſedt. 

The air, or n ſphere, re ſur- 
rounds. the Earth, to the height of about 
47 miles, 18 the cauſe of this. For, al : 
the rays of the Sun's light which paſs 
through the atmoſphere, all round the 
Earth, in the boundary (g b of light 
and darkneſs, are, by the e | 
bent inward, toward the middle of the 5 
EFEarth's ſhadow : and thoſe. rays, fo mix- 
ed with the ſhadow, fall upon the Moon, 
_ hay enlighten her in ſome ſmall. de- 
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She elec, the. rays. 1 8 to the 
arth, which. £0; 


0 exattly even (or ir 
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is viſthle ly on that account; For; oY 
the Farth had no atmoſphere, its ſhadow 
would be quite dark; and the Moon 
would be as inviſible, when ſhe''is' to- 
tally innmerſed therein, an the is at the 
time of her change. 0 
VN. I thank you, biother, for at mer 
informations; bat I fill want more. 
VN. Only ſay what wer are; and I vill 
inform you if I ean. 
„ plainly by the fig r chat ah 
Sun ran never be eclipſed: (in a natu- 
ral way) but at the time of new Moon; 
becauſe the Moon's ſhadow cannot fall 
upon the Earth at any other time; and 
that the Moon can never be eclipſed but 
when ſhe is full; becauſe that is the 
only time when the Earth's Madom can 
fall upon her. But though we have a 
new and a full moon in every month of 
the year, T find my 'almanack mentions 
but very few eclipſes; and generally, 
about half a year between e 
their happening. 
N. If the Moon's orbit 2K 4 
in the fame plane) wich 
| 5 the 
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n orbit C % B. as 1 nn 


vn the flat paper, 


the "Sun would be 


eclipſed at the time of every new Moon, 


and the Moon at the time of every full. 
But one half of the Moon's orbit lies on 
the North-fide of the plane of the Earth's 


orbit, and the other half on the Soutk- 


fide of it: and conſequently, the Moon's 


orbit only croſſes the Earth's orbit in 
two oppaſite points. When either af 


thoſe points are between the Earth and 
the Sun, or nearly ſo, at the time of 
new or full Moon, the Bun or Moon will 
be eclipſed agecordingly. But, at all 
other new - Moons, the Moon cither pall- 
eth above or below the Sun, as ſeen 


Moons, the Moon either paſſeth aboye or 
below the Earth's ſhadow. One of theſe 


Moon's orbit; becauſe, when the Moen 
has paſt by it, ſhe aſcends northward, or to 
us, above the plane of the-Earth's orbit; 


and the qppolite point is called che Deſcend- 


ing Node of the Moon's orbit; becauſe, 
as ſoon as ſhe has paſt by it, ſhe deſcends 
oh Ru My. ſouth- 


from the Barth: and, at all other full 
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n 3 1 us in this aaa | 
parts of the _—_— Or HF e 
JO Earth's orbit. 

E. Suppoſing that- aither af theſe — 85 
were between the Earth and the Sun juſt 
now; how much time mould _ be- 5 

| fore the other could be ſo? 5 
| u dee de ant uit e we if 2 | 
Une 4 rawn : from the one to the other : 
. always aralle do its DN poſi- 

8 1 the Moon's orbit, K b, in Fi 2.275 but 
the nodes move backward, or toward 
the Weſt, contrary to the Moon's mo- 
tion eaſtward in her orbit, at the rate of 
197 degrees every year —So that, from 
the time of the Sun's being in conjunc- 
tion with either of the Moon's nodes, to 
the time of his being in conjunction with - 
the me; 18 te 173 1 7 Wis,” 3 
| anner. 
E. As Shore; ak" be A liftance 
5 ptr theſe? nodes, within which the 
dun and Moon muſt be eclipſed; 1 ſhould - 
134 275 ee eee e 


Oi 
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N. They are only 17 degre for de 
Sun, and 12 for the Moon. 


E. Now, let me e. The Mooii's 
whole orbit contains 360 degrees; _ 
which there are only 17 on each ſide c 
each node, within which the Sun may 
be eclipſed. - Twice 17 is 34, about 
one node, and there are as many about 
the other: in all, 68 degrees out of 
360, for eclipſes of the Sun. And, as 
there are 12 degrees on each ſide of 
each node, within which the Moon can "Wi 
| be eclipſed, there muſt be no more than Wl 
438 degrees in all out of the whole 360, | 
for the'eclipſes of the Moon. Am Tran ; 
brother? If I am, tis no wonder hat 
we ſhould have ſo HT OY. Our full 3 
Moons, and ſo few eclipſes.” 3 8 | 

N. Youare quite right. Ex4 a; ai 1 a 
am very glad . "JO" bord fach | 
_ progreſs. 27 For 
E. un that the times gf + aur: e 
y be ca | before- _ becauſe - 

redifted in the 
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E. I win you would teach me to * 
| fo wo if you qhink 1 have 4 ſufficient 
NV. You have much mo and 1 will 
 infirudt you with pleaſure ; for you have 
not only learnt the four common rules 


of arithmetic, but even 48 far as theses 


Rule of Three—And, in theſe calcula- 
tions, no farther arithmetie is neceſſary 
than addition and ſubtractian. But you 


muſt learn firſt to caleulat Ws: times of 
nem and full Moons. | 
_ SENT ORE OY; WIE very great res- 

ſure. 1 | 


VN. Wa cn ſet about it We | 
row morning, if you pleaſe; but the 
whole will take up a week at leaſt: du- 
ring which time, we muſt | gs our 
-uſual confabulatios. 
. come already. 
N. You remember the book which you | 
_ ſaw, a few days age, in this room; in 
which you told me vou had taken notice 
of ſomething concerning the Ecliptie 
and its ſigns. Did you look at nn 4 
| Page of that bock? EO gn pets 


. 1 
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3 " | @ 26g ot bool n the ee 


N,1 It 1s Fergi en s Aſtronomy. 15 


for it to Mr. Pilliams's op, No. 21 

Skinner Row, Dublin, on purpoſe to 
make you a preſent of it. There it is; 
and I am ſure you are Pm to read 
and underſtand it. 

E. I heartily thank you, dear Neander, 
for this preſent. 


VN. There are in it plain and eaſy 
tables and precepts for calculating the 
true times of new and full moons and” 
eclipſes. Ang, if you have, any ſpare 
time to-day, I waſh» you. would begin, 
by yourſelf, to ea the . precepts, and 
compare them with the tables, and with 
the examples of--caleulation. And then, 
if you find any thing difficult, mark it; | 
and I will help you. out to-morrow 
morning. Mean time, if there be any 
thing elſe, which you would have us 
to talk about, before we are called to 
breakfaſt, (which is later than uſual to- 
7 oe me e what it 1s. fo 
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o. the CAUSE of the EBBING and 
"FLOWING of the SE A, | 


Narr.  - 


YOU are very punctual, ſiſter.— I have 
drawn out ſome figures for you 
fince breakfaſt ; and, juſt as you entered 
theroom, I was putting the laſt letter of 
reference to them. Here they are. . 
Eudgſa. I thank you, brother; me do 
ſuppoſe that, by theſe figures, you intend 
to explain the cauſe of the Ys and : 
a flowing of the Sea. 1 

VN. I 8 Fig. 1. oak PLATE VI. let : 
ABCD Abethe Earth, all covered with 

. Vater” 3 the top of an iſland Aa. 

Let 
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Let the Earth be in conſtant motion, turn- 
ing eaſtward round its center E, every 
24 hours according to the order of the 
letters A B CD; and let M be the N 
moving eaſtward in her orbit O e, as 
from M to o in 24 hours, 50 minutes. 
You know that the Earth and Moon are 
within the reach of each other's attrac- 
tion; and therefore, as the Earth attrafts 
the Moon, fo the Movn re-attradts the 
Earth. 

Tes, Sir. | | 
N. Do you remember my 1 you, 
ſome days ago, that the attraction dimi- 
niſhes, as the ſquare of the ane from 
ths attracting body increaſes * 8 | 
E. I remember it very well, © 
N. Then you know, that 8 
muſt attract the fide 4 of the Earth 
which is neareſt to her (at any time) 
with a greater degree of forte than ſhe - 
attracts the Earth's center E; and that 
ſhe attracts the center E. with a greater 
degree of force than ſhe attracts the fide 
C of the . Which 186 then n 

0 from her. 
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E. Certainly. 
N. And that the Earth and moon 
und fall towards one another, by the 
power of their mutual attractions, if 
there was nothing to hinder them : and 


that the Moon would fall as much faſt- | 


er toward the Earth than the Earth 
would fall toward the Moon, as the 
quantity of matter in the Earth is great- 


er than the quantity of matter in the 


Moon. 


E. Undoubtedly ſo; 5 FOUR" every ogy 


ticle of matter attracts with an equal 
degree of force; and therefore, the body 
which has the greater quantity of -mat- 


ter muſt attract the other with ſo much 


the greater degree of force. 

N. Well done, Enudofia Let us. now 
ſuppoſe the Earth and Moon falling to- 
ward each other. The earthy parts of 
our globe being connected, and coher- 
ing together, would not yield to any 
difference of the Moon's attractive force; 
but would all move equally faſt toward 


the Moon: as if a cord were tied to each 


end of a great folio book on the table, 
8 2 : : E and 


(48> 
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and you ſhould pull one cord with the 
force of four pounds, and I pull the 
other cord the ſame way with the force 
of eight pounds, ſo as to move the book; 
all the parts of it will move equally. 
faſt; notwithſtanding the different forces 
by which you and I pull it. But the 
waters are of a yielding nature; the co- 
herence of their particles being very 
ſmall: and therefore, they will be differ- 
ently affected according to the different 
degrees of the Moon's attractive force, 
at different diſtances from her, 
And therefore, as the waters at 4 are 
more attracted by the Moon than the 
Earth is at its center E, they move faſter 
toward the Moon than the Earth's center 
does; and conſequently, with reſpect to 
the Earth's center, they riſe higher to- 
ward the Moon, as from A to a: and as 
the center E moves faſter toward the 
Moon than the waters on its ſurface at 
Cdo; the waters at C will be, as it were, 
left behind: and conſequently, with re- 
ſpect to the center E, they will be raiſed, 
as from C to c. | 


E. 5 


9 8 : ! 


E. So far, I underſtand you perfedtly 
well. 

N. But as there is n the mnie quan- 
tity of water on the whole Earth, the 
waters cannot riſe at one place without 
falling at another. And therefore, the 
waters muſt fall as low at 6 and d as 
they riſe, at the ſame time, at a and 
c: ſo that an obſerver placed over E, at 


a diſtance from the Earth, would fee the 


ſurface of the waters not of the round 


ſhape ABCD, as they would be if the 


Moon did not diſturb them by her at- 


traction, but of the e nan Ae 


46e d. 


Then, as the Earth turns eaſtward 
26664 its axis, 'tis plain, that when the 


Hand A a is at A, it will be in the high 


Water, under the Moon M's when it 18 f 


from under the . : when 0 1s at C, 


it will be in the high water again, twelve 


8 


hours from under the Moon: and when 


it is at D, eighteen hours from being 


laſt e the Moon, it will be in the 
__ water — So that, if the Moon 
1 | had 
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had no progreſſive motion in her orbit 
Oo, but kept always in the ſame right 
line 4 M. the iſland: 4 4 would have two 
 ebbings and two flowings of the. Sea 
every 24 hours. 

E. It would. But I find the tides. are 
put down, in my almanack, later every 
day than on the day before. And now, 
I apprehend the reaſon of this to be, 
that as the moon goes eaſtward. ound.” 
her age in a month, and the Earth 
eaſtward round its axis every 
8 the Moon makes part of a 
revolution in the time that the Earth 
makes 2 whole rotation: and therefore, 
the Earth muſt turn as wech more than 
round its axis, before the ſame iſland 
can come even with the Meon again, as 
the Moon has advanced in ber orbit du- 
ring that interval of time. „ 

N. You are right, Eudſis os. in the 
time of the Hland's revolving from 4 
to A again (in the direction 4 C D A 
which is 24 hours; the Moon moves 
from M almoſt to „ in her orbit: im 
therefore, after the iſland has come 


round 


* 
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. it muſt move on from 
4 before it can be in the middle of 
the tide of flood the next day, under the 
Moon, which will have then en n 


A do e, 


4 of 


E. How Jong is the iſland in moving 
from A to e? | 


06 ee aids math 


later” ar the tides every day than they 


were on the day before. The ſailors 
call it only 48 minutes; and it would 
wy fo, if the Moon were 30 com- 
pleat days and nights going round 
from change to change. But as the 
time is only 29 days, 12 hours, 54 mi- 
nutes, 3 ſeconds, (at a mean rate) ſhe muſt 
move a little farther every day than ſhe 
Would if the the full 30 days: and 
this difference is equal to about 2 mi- 


nutes of time, 4 1 5 . motion on | 


its N 

E. Then As: r Maw.” goes round 
ner orbit, from change to change, in 
ne round numbers) the iſlan 
Aa can only come 287 times Fara 
from thai Mogw $0: the Meon again, in 
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time the Moon goes round her orbit, 
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that time; and conſequently, it can. have 


no more than twice that number of tides 


of flood, at a and c; or 57 tides of flood, 
and as many of ebb, between change 


and change of the Moon. 


E. You are very right: and 3 


_ . quently, in two courſes of the Moon, 
from change to change, which is 59 days, 
I TI hour, 28 minutes, 9 ſeconds, there are 
only 57 double B of flood and as 
4 of ebb. 


N. This e this 2 ou be | 
Wanne natural, and eaſy to be un- 


derſtood, if the Earth and Moon were 
continually falling toward one another. 
But ſeeing that the Moon's motion in 


her orbit gives her a centrifugal force, 
equal to the force with which the Earth 


attracts her, ſhe cannot fall toward the 


Earth at all. 44. Goon what you told 


me, in our ſecond dialogue, about the 
Earth and the Sun; I ſhould think, that 


if the Earth itſelf did not deſeribe a 
ſmall orbit round the common center of 
gravity between it and the Moon, in the 


the 


| | 

| g is 
* 

| - | 
- 


| 
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the Moon's attraction would take the 
Earth away, as it could have no centri- 
fugal force to balance her attraction. 
N. Dear ſiſter, you cannot imagine 
how much pleafure it gives me to talk 
with you on theſe ſubjects; on aceount 
of the proper inferences and applica- 
tions you make. — The Earth and Moon 
do really move round the common cen- 
ter of gravity. between them, every 
month: and it is that. center of gravity . 
that deſcribes the very orbit in which the 
Earth's center, would move round the 
Sun in a year, if the Earth had no Moon 
to attend it. 8 
E. You may ak ara . \ 
for all thoſe. inferences pl applications ; 
as they only reſult from your explana- 
tions, and leading me ſo gradually on, 
from one ſubject to another. But, pray, 
how many miles is it from the Earth's 
center to the common center of gravity 
N the Earth and Moon? Undoubt- 
y that diſtance, compared with the 

7 s diſtance from the Earth's center, 
muſt be in proportion to the quantity of 
8 matter 
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matter in the Moon compared the 
quantity of matter in the Earth. —If you 
will tell me how much greater the 
quantity of matter in the Earth is, than 
the quantity of matter in the Moon, I 
will try to compute how far the com- 
mon center of gravity between en is 
from the Earth's eye” © < 
NM. The Earth's quantity of matter Is 
40 times as great as the Moon's. 
E. Very well —And the Moon's mean 
diſtance from the Earth's center is 
240,000 miles. Now, I divide 240,000 
by 40, and the quotient is 6000; which, 
I think, muſt be the diſtance of the com- 
mon center of gravity between the Earth 
and the Moon, from the Earth's center : 
and that the ſaid common center of gra- 
vity muſt always be ina right line be- 
tween the centers of the Earth and 
Moon; becauſe both theſe bodies move 
round it. Am J right, brother “- ⁵⁶ 
NM. Indeed you are: and, before we 
talk further ahout the common center 
of gravity between the Earth and the 
Moon, I will endeavour to illuſtrate this 


affair 
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affair about che tides to you, in eben 
manner from what I have done. For I 
find, chat even if 1 had intended to ex- 
plain it by the falling of the Earth and 
Moon toward each other, you would 
have juſtly believed that: 1 was miſlead- 
ing you. e e 

Here is ether kool Rig: 2. 5 ABCD, 
of thin plate braſs.---You ſee it is very 
flexible: for, as I pull out the parts A 
and C to 4 and c, the parts B and D' fall 
in to band 4; and he hoop” becomes of 
the elliptical ſhape ab C d. 

E. 'True';---and juſt like the rape of 
2 ſur face 2 b c d of the water, (in Fig. 
1.) as affected by the Moon's attraction. 

N. But, if I quit my hold of the hoop 
at a and c, it will return to its Lane 
circular ſhape 4 BC i” 557 

E. I ſee it unge now e have beit it 
at liberty. 

E. And, if. a Moon's een dee 
ſhould ceaſe (Pig. 1.) the waters a b c 4 
would return, from their elliptical: ſhape 


abc d, to their former — bans a A 
B 1 


. E. Yes 3 
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E. Ves; for they would run from the 
higheſt parts à and c to the loweſt parts 
5 and 4, till their ſurface was equally 
diſtant from r En 8 center E, all 
Arend. 

N. Now, I tie the 6 4 4 (Fig. 2. S of 
85 ſtring A H to any part, as A, of the 
circular hoop A B C D, and take hold of 
the other end Hof the ſtring with my 
hand. If I'whirl the hoop round my 
head like a ſling, what do Jo” think 
will happen? 

E. Why; the 5155 will i 10 
fly off, as a pebble in a ſling would do. 
N. True; but do you think that all 
the parts of the hoop will then have an 
equal tendency to fly off? 

E. Let me conſider— 1 chink ot 
will not. For, as the part C. will go 
round your head in the ſame time as 
the part A, but faſter, becauſe it is fur- 

ther diſtant from your hand; I ima- 
gine that the part C will have as much 
more tendency to fly off than the part 
A has, as its diſtance from your hand 1 18 


greater. : > 
| ä N. ExaRtly 


1 
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N. Exactliy ſo, becauſe it will move 
ſo much faſter, as the circle it deſcribes 
is larger. Now obſerve, I whirl it round 
my head. What ſhape is it 2% O f? 
E. It is of the elliptical ſhape a 5% c d. 
N. Tes, for the tightneſs of the firing 
drank * out the fide next my hand, from 
A toa; and the centrifugal force of the 
other fide throws it out as far, from C 
to c. And now, if an inflexible circu- 
lar ring (like the rigid Earth) A B CD 
ſhould lie upon the elliptical hoop a þ c d, 
and turn 29 times and: an half round 
the center E, in the time the hoop and 
circle were moved once round my head; 
would not any point, as A, of the cir- 
cular ring, come- ſucceſſively even with 
the higheſt parts à and c of the elliptical 
Hoop, and with the loweſt parts 6 and d 
of it; as the iſland A 4 (Fig. 1.) comes 
to the high water at 2 and b, and the 
low water at c and d, oY the Earth's 
motion on its axis? 

E. It would. And 1 think that Fig. 3- 
18 ſomewhat analogous to Fig 2, 


= N 1 O 3 eee 4B 
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N. It is. very much ſo; and now is 
the proper time to explain Fig. 3 
Let ABC D be the Earth, M the 77 
Oo part of the Moon's orbit, and G the com- 
mon center of gravity between the Earth 
and the Moon, round which both theſe 
bodies move, once a month; the Moon 
in the direction O o, and the Earth in 
the direction E h. By this motion, all 
the parts of the Earth will have a cen- 
trifugal force, or tendency to fly off in 
or parallel to the line A E C: and the 
centrifugal force of each part will be 
directly in proportion to its diſtance from 
the common center of gravity 6; be- 
cauſe the ſpace through which theſe 
parts move, will be reſpectively as their 
diſtance from 6; that is, as the ſemi- 
diameters of thoſe circles which they all 
deſcribe in the ſame period of time. 
Thus, the centrifugal force of the point 
A will be as the line 4G; the centri- 
fugal force of the center E will be as 
the line E G; and the centrifugal force 
of the point 2 will be as the line C G: 
for the point A deſcribes the ſmall circle 


Ae. 
= 
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Aef x Ain the time the point E de- 
{ſcribes the larger circle E hi E, and in 
the time the point C deſcribes the ſtill 
larger circle C Im C; which is in a 
month; and in that time, the Moon . 
round her orbit O. | 
The Moon's attraction at the Earth s cen- = 
ter E exactly balances the Earth's centri- 
fugal force at E; and conſequently retains 
the center E in the orbit E Y E. But 
her attraction at A is greater than at E, 
and leſs at C than at E. So that where 
the Moon's attraction is greateſt, as at 4, 
the centrifugal force is leaſt ; and there- 
fore, the exceſs of attraction cauſeth the 
waters to riſe, as from A to a, on the ſide 
of the Earth which is at any time 
neareſt the Moon M. But, at C (the fide 
which is then fartheſt from the Moon) 
the attraction is leaſt, and the centri- 
fugal force greateſt: and therefore, the 
waters will riſe as high from C to c, by 
the exceſs of the centrifugal force there, 
as they riſe on the oppoſite ſide from A 
to a by the exceſs of the Moon's attrac- 
| tion. Are you fatisfied now, TROL 2 
5 04 E. F 5 
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E. 1 was: ſadly | b tag 


af the tides on the fide” of the Earth _ 
, which (at any time, by-its motion on its 
axis) is turned away from the Moon, 
would be very difficult to account for. 
But you have made it juſt as plain, that 


they muſt riſe as high on the ſide of thjͥe 
Earth which is oppoſite to the Moon, as 
they do on the ſide which is under the 


: Moon. Did you ever fee this: an : 
| we "ny ppt >: 6 ONS ler 


NV. Yes; 31 1. ſeen Mr. i Ferguſon: a 


it, to the ſatisfaction of every obſerver, 
by a plain experiment in one of his 
machines, called the Whirling T, able ; and 
he is the firſt that ever ad ſo. He has 
given a full account of it in his Lectures on 
Mechanics, Hydroſtatics, Pneumatics, Optics, 
with. the uſe of the Globes, and the Art of 
Dialing. In that book, there are plates 
of all his machines for the above pur- 
poſes. I ſhall ſend for it from Mr. 
Williams's ſhop to-morrow, and make you 


a preſent of it, on account of the ere 
progreſs you haye made in aſtronomy : | 
and 


* 


% 


— 


Lv Noe. | 20x 


and thei” yo can by yourſelf, learn- * 


Ne of experimental Philoſophy. 
E. Indeed, brother, you lay me un- 


der fo many obligations, that T ſhall 


never be able to make you any proper 
return for them. But there is one thing, 


that T had almoſt forgot to aſk you. 


Pray, what is meant 12 the Heu and | 


_ tides ? 

N. The Earth is 3 Final; in . 
pariſon of its diſtance from the Sun, 
that the Sun's attractive force is nearly 


equal on all parts of the Earth: and 
therefore, there can be but little dif- 


ference between the centrifugal force on 


the ſide of it which is next the Sun, and 


the centrifugal force on the oppoſite fide. 
But ſtill there is ſome difference, as the 
Earth moves on in its orbit. And there- 


fore, if the Earth had no Moon to attend 
it, there would be ſmall tides occaſioned 
by the Sun. Conſequently, when the 


Sun, Moon, and Earth are all in a right 
Une (which they are at the time both of 


new and full Moon) their joint actions 
concur; and ſo, raiſe the tides higher 


at 


N 
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at theſe times. chan at any other: and 
thoſe are called the Spring Tides. - But, 
when the Moon is in her quarters, her 
action on the tides is croſi-wiſe to the 
Sun's. ; for then the Sun is in a line with 
the low water, and his action keeps the 
tides from falling ſo low there, and con- 
 ſequently from riſing ſo high under and 

oppoſite to the Moon, as they would do 
by the action of the Moon, if the Sun 
did not diſturb them at all; and theſe 
are called tbe wead. Fades.  .:.. 

E. I underſtand you very well; and 
5 ſee plainly, that a ſtraight line drawn 
from the Moon's center, through the 
Earth's center, would be in the higheſt 
* tides on both fades. of the 

N. ou are 2 kale avlinken. in that 


50 Eudgſia; which may be owing: to 


its being ſo repreſented in the figures. 
But, I am ſure you would not have been 
fo, if you had remembered what-I told 
you in our firſt dialogue; namely, that 
all bodies which are put into a ſtate of 
motion will perſevere. in that motion, 
5 till 


* 
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till ſomething ſtops their courſe. If you 
put water into a baſon, and give it a little 
ſhake, and then ſettle the baſon ſudden- 
ly.; the water will riſe a little further, 
on the fide to which you gave it the mo- 


—— 


tion, after the baſon is ſettled again, 
than it did 1 in 2 inſtant. when you ſet- 


tled it. Pray, have you forgot your fall 
in the boat, nee 
bank of the river ? 1 
E. I have not, brother; 3 and the in- 
ference 18 plain. | 
N. It is: and therefore you 1 


that when the waters are put into a riſing | 
ſtate of motion by the action of the 


Moon ; they would "iſ a little higher, if 


the Moon were. annihilated at the inſtant 


of her being on the meridian, even of a 


place where ſhe was directly over head. 


But you are ſtill to confider farther, 
that although the Moon s attraction. at 


any place is greateſt when ſhe is on the 


. of that place, becauſe ſhe is 


then the neareſt that ſhe can be to the 


place on that day; yet her attraction at 


. me does not then ceaſe, but con- 


1; 
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tinues for ſome time after ſhe has paſt = 


the meridian: and this continuance of 
i attraction, though weaker, will cauſe the 
waters to keep on in their riſing ſtate, 
till che attraction juſt balances the ten- 
deney of the waters to fall back again. 


E. I thank you, brother, for Tac 
me right. But, pray, how long is the 


Moon paſt the meridian, when” the Wa- 
ter is at the higheſt? | x 


N. If the Earth was covered all "= 


with water, ſo as the two eminences of 
the tides at a and c might regularly fol- 
low the Moon; ſhe would always be 


three hours paſt the meridian of any 


given place, when the tide was at the 


| higheſt at that place. But as the Earth 
is not all covered with water, and the 
different capes and corners of the land 
run out all manner of ways into the 
oceans and ſeas; the regular courſe of | 


the tides 1s much interrupted thereby; 


and alſo by their running through ſhoals 
and channels. So that, at different places, 
the tides are higheſt at very different 


diſtances of the Moon from the meridian. 
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DIALOGUE IX, 
TI SVETOOYT 5 : 
On th fred STARS, end SOLAR . 


10 You elt out! 1 on Pre 
Neander. 


. AT! is the matter, alter ?—Sure- 
ly you could not have gone to 


your room and returned, ſince you left 


me. 


Eudaia. I had ſcarce gone out of this 
room, when ſomething came into m 
n, which was, that you promiſed 

„ ſome days ago, to demonſtrate that 
all the Stars are at reſt. And leſt 1 
ſhould forget it again, I now beg leave 
to remind * of it, if you have leiſure | 


* Nerf. 


N. For 


— 


to create 


. by the Sun's apparent motion 


LIT Ms: As r ROD v. fy day 


N. For that," T7 irgend you. to Ferguſaa's 


aſtronomy : and, before you have read: 


the firſt three chapters, you will not only 
be convinced that all the St. 


but alſo that they are Suns to innume- 
rable fytems of planetary worlds, a8 00 1 
Sun is to its own ſyſtem of p Joy -4 

E. What? other Suns, and We 


PR 


worlds . os them! ! . amaze 


me! 5 III ve 48 SON! 
N. The Deity is infinite in all 15 per- 
fections: and as he has power en 


place Suns and worlds 
throughout the whole infinitude of ſpace, 


fo he has goodneſs enough to induee 


him to do it. But now, if you- pleaſe, 1 
will tell you of ſomething which 1 did 
not think of befote; namely, to inform 


you of the difference between” Bla n 


1 time. N r 


E. You ſpeak too learnedly: Gor iu jet 
now, ve _ it is en wy 


ever did fo. 
N. Solar time is his time 


Fi and 1 time is — 
. m u 


are at reſt; 155 
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_ meaſured. by. the Stans in ae. up 3 
motion round it. B 


E. Now 1 . ten: and hahe 
Wal obſerved, that if any Star be. ſeen, 


juſt, as if it were over a neighbouring, 
_ chimney, at any hour in the n in 


a ante the ſam 
280 . 3 in e 40 hs | 
ſeem to have made 366 revolutions 
about/the Earth; ſo . they gain one 
hour every Cath, part. of the year upon 
the time ſhewn by a well regulated clock. 
And therefore, every Star comes almoſt 


four minutes ſooner to the meridian, 


every ſucceeding day or night, than it 
did on the day or night before. The 
real difference is 3 minutes 55 ſeconds 
and 54 ſixtieth parts of à ſecond. 80 
that, if one clock fhould be ſo well re- 
gulated as to ſhew the time to be XII at 


noon this day, and on the 36 5th day after- 


ward; and another clock ſhould be ſo re- 
gulated as to ſnew the time to be XII every 


the meridian ; the latter clock. | would gain 
No minutes 


mY 
— 


w 
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3 minutes y ſeconds and 54 fixt th 

parts of a ſecond upon the former, in 

each W of the ſame Star to "the 
E, Whats the reaſon. of this? SO NE 


1 N. Much the ſame as that. of the © 
1 on's going round her orbit in leſs 
time than ſhe goes round from change 
to change, or from between the Earth 

and the Sun to the ſame poſition again : | 
as I. explained to . by: Fig. 1. bt. 

PLATE V. laſt Monday morning, in 

our Seventh Dialogue: 
make the ſatne figure do for the preſent 
ſubject. You remember I told vo mar” 


the whole. diameter of the Earth's orbit 
is but as a point, in compariſon to the 


diſtance of the Stars; which is the ſame 
„ that a globe of 190 millions of 
in diameter, Which would fill the 


EFarth's orbit, would r no bigger 
than a dimenſionleſs if it were 
ſeen from Stars: and the 
en t will pro vethis to be true. 
E Iam far from doubting the truth 
1E oa ME 


And we „ 
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to. 10 the ee 


N. Then, here Ty is. 120 225 3 
be in what part of its orbit it will, we 
always find the interval of time (by the 
beſt clocks that are made) between any 
Star's "revolving from the meridian to 
the meridian again, to be equal through- 
out the whole year: which it could not 
be, if the Earth's changing its place, by 
a whole diameter of its orbit, bore any 
ſenſible proportion to the diſtance of the 
Stars. For then, if the hour and minute- 
hands of a MY ſhould revolve exactly 
366 times from XII to XII again (there 
being ſuppoſed to be 24 hours on the 
dial-plate) in the time of the Stat's 
making 366 revolutions from the me- 
ridian to the meridian. again; and the 
hands be ſet to the uppermoſt XII, when 


any given star is on the meridian on the 2 
21ſt of December; then, on the 2oth 8 


F March afterward, when the hands 
were at the Lande Log as before, the ſame 
3 | 5 1 the 


— 
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. | a 7 aa ik the Earth's orbit were 
of any ſenſible bigneſs in proportion 3 4 
dhe diſtanceof the Star; and a litle'on 6» 
the weſt ſide of the meridian, when the +0 
- hands were'at XII on the. 23d of Sep- 1 
tember: but we never "fad" any loch dif- 
ference. ' Net a FE | 1 for | 
demon tion 3 is elk. 8 


„ your 
evident... J 

N. Then, you are ide 1 

| when the meridian of any place 155 2 . = 
„ volved from any Star to the ſame Star „ 
again, the Earth has turned abſolutely once. i» 1 
round its axis; becauſe the ſame me- = 


ridian has revolved fo, as to be again ; 
parallel to any fixed plane, to Which it 
; was out befote, hen e ame Stay” 8 


E. 1 am. 12 ah NE !!!!! T3 Fines re "YH, 
VN. Very well, ſiſter (Noi in Fig. 1. 
of PLATE V. let & be the Sun, A. BCD E 
FG one half of the Earth's orbit; let te 


; circle h #7} be the Earth (at the top of 
che figure) and 4 5 the meridian of Eon 
4 which we ſhall ſuppoſe to be at 'b. 
Let dhe ſtraight line 4 5.8 be prodaced . 9 5 
: ek 5 F 2 5 1 nn, : 


| 
i 
1 
[1 
tk 
| 
4 


% — — > 
4 AY 
L wake as 
* 2 4 _ 
_ _ 
. 
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onward, to, five. or fix miles had 


the Sun 8, as ſeen from b and let a, 
Star be placed at the aan end of 


that une Then, the ALAnCce. Oral 
from the Sun will be 10 great, 5 
the Earth's orbit 4 B C, &c. will bear no 


| ſenſible proportion thereto, if it "TP 7 


om. the Star; and 


2 an obſerveron the Earth at 5, ; the Star 5 


will appear as even with the line 4 b, 


when the Earth has got a quarter round 
its orbit from 2 to 4, and the meridian. 
45 parallel to the poſition it had at ab, 


as when the Earth was at 2 in its orbit: 
So that, ler the Earth be in what part 
of its orbit it will, 5 Star will always 


when that” meridian has revolved to the 
fame parallel poſition again: which it | 


will ahrayedo in the time of the Earth's 7 


| ces abſolutely. round * * 755 


E. Undoubtedly it will. 


* Now, ſuppoſe | whe - Ear 5 _ or 


_ vance in its orbit from 4 to. #6 in the 
time that jt turns once round its axis; 
n n 


% will de 


8 


1 nk 


to prater $6468 at 4 6, 


Then! it is 3 that ' 
is at 6, and the mer | 
volved” from? the Star to the ſtar again, 
it muſt revolve further on, from 5 to * 
before it can go round from the Sun to 


as Sun again at S. And the arc, or 


'þ n, of the Earth's circumference 


hears the ſame proportion to the Earth's + 


whole eircumference, that the arc, or 
part 4 b, of the circumference” of the 


Earth's orbit rw to ts whole circum- 
ferencs.. a 


When the Earth! 18 at in! its orbit, and 


he ſame meridjan's þ comes even with 
the Star thi 


he ſecond time, che ring: 
revolve from h̊ to n before it can be 


4 even with the Sun again, or the Sun be 


upon it the ſecond time. 5 
When the Earth is at d, a tubs - 

round its orbit from a, and the meridian 

Albis even with the star; the meridian 


will want fix hours of being even With 
1 Stine” in the right line do 8, and the 


* 8 555 "place | 


Sun N were bath even e *; 


— 


z 
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place v muſt. revolve: 6 hours, or through 
the arc h of go degrees, before her 
can be on its meridian d-þ,-- 
And conſequently, - when the.” Earth 
| has gone half round its orbit, the ſame 
meridian will be even with the Star 
Wo hours. before it revolves to the Sun 7 
and when the Earth has gone three 
quarters round its orbit, the meridian 
will be even with the Star 18 hours be- 
fore it comes to be even with the Sun, 
And laſtly, when the Earth has gone 
quite round its orbit, its rotation on its 
axis will have brought the ſame meri- 
dian once more round from the Star. to 
the Star again, than from the Sun to the 
Sun again. — 0 that, let the year contain 
how many days it will, as meaſured by 
the apparent revolutions of the Sun from 
the meridian to the meridian again, it 
will contain one day more, as . meaſured 
by the apparent revolutions of the Stars. 
E. By this I find, that one abſolute 
turn of the Earth round its axis is loſt 
in ayear with reſpect. to the number of 
Kr days in the * becauſe the Earth's 
motion 


* 


- 
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: motion on its axis 18 the 


3 


+ 


any meridian round from the Sun to the 
Sun agair 


I 


. 


+ Sa 


the Earth muſt turn as much 
more than quite round its axis, as bears 
Aa Proportion to the ſpace 
n in 24 ſolar e 
to make the year contain 365 ſolar days 


and nights, the Earth muſt turn 366 
times round its axis. 


it moves in its 
And therefore, 


4 


e 7 2 * . 2 $: 4 
þ bn & ad : K . o = 4 ” 1 1 * 


1. Eudifia —Now go to 


your aſtronomical tables and precepts; 


and try whether you can calculate the 


time of new Moon in 


= me of it, 


E. I thank you, er hag! make 
no doubt but 


ain. N 
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On the Phojubtr rot 
SES : to which, Avi 


1+. EL L., fte 
VV. alone, . a "In time ä 
after you left pry ; and as you, did not 
return this morning call, as 
uſual, I ſent to enquire about your 
health ; and the maid told me that you 
were very well; but ſa much engaged 
with your book and pen, that ſhe was 
almoſt afraid to ſpeak, for fear of dif- 
turbing you; as you took no notice of 
her when ſhe came into your room. ; 


"my — As orig ſcarce” - took 
dime to eit either dinner or ogg 7 1 85 5 i Ty 
VN. So I obſeryed: and een what 
45 bee you been doing? 5 
E. After looking a little at Fer als” 
| "pablo for calculating the true times of 
new and full Moons, and finding ſome 
expreſſions in the titles of the tables 
which 1 did not underſtand, namely, the 
mean Anomalies of the Sun and Moon; I 
read the former part of the 19th; chapter 
of his bock, in which 1 not only found 
theſe terms explained to my ſatisfaction; 
but alſo the Principles on which the tables 
are conſtructed: and, on account of what 
you have already told me about the at- 
tractions of the Sun, Moon, and Earth, 
I think I underſtand the . tole- 
38 WAL 


. N.Ican very ors take. wes word, 
5 that, OG... 
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given no example. And finding 
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which are exemplified in the precipts z 
and finding my calculations to agree 
very nearly with Ferguſon's examples, I. 
tried to calculate the true time of new 
Moon in July 1748, old ſtile, as you 
deſired me; of which Mr. e as 
that 


the Sun muſt have been eclipſed” at the 


5 here! 1 are. | 


[ 3 


time of that new. Moon, I even attempted 
to take out the eee, rel e en 
that eclipſe. r 

N. Then indeed; our mu bete done 


det deal of work ' for the time you 


have been about it. Pray, ow" me e 
calculations. e PPS Ns re JL 
E. 1 am almoſt afraid to > do it bur 


L i % 5 
4* * 4 © i * . 5 * 7 2. 5 3 wy N 40, 1 7 * 
p- 8 . r 5 1 
: 4 13 ds s * 4 v : * g £ F FE 4 by 2 4 


day h. m. 8. 
x. The apparent time of new hos a " 35.8 11 1 15 3 
in the Forenoon ; 


/ 


- 2, Tins pore of the Jovth's 6.8 that time, ae u 
from the Moon * 1 53 32 
The angle of the Moon's viſible path with the ecliptic , — 53 

4 e eee den eee 97 O'S 6 

| T The Moon's horary motion from the Sun -'.' 0 27 17 
The Sun's diſtance from the ſolſtice | £2 - 332 42 40 
7 The Sun's declination, North - §ö§ö˙ 22 
8. The Sun's diftaice at noon from the yertex of London — 31. 54 39 
9. The Sun's ſemidiameterr 0 15 50 
10. The Moon's ſemidiameter ee ee — 0 14 53 
13, Tho Endes e 10 <UL RS . 
N. Wen done, n — calculated | 
N . 
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the ſame. elements before I ga re you the 
book ; and now we will compare the 
g together. All right ;—for, 
do you ſee, —we have "554d differed three 
ſeconds, in Wr part. And I did not tell 
you till now, es . any ſuch i 


WR This gives me oat; pleaſure, in- „ 

* But, upon reading the method "of 
projecting .eclipſes, 1 often find mention 
made of a Sector; which I take to be a 
mathematical inſfrument; and, as you 

know that I am. entirely... unacquainted 
with any of theſe inſtruments, I am 
afraid I can proceed. no further, unleſs 
vou will ſnew me a i 0 teach 
me how. to- uſe it. | 

N. It is true, dat by means of”. a 

Sector, theſe kinds of projections may 
be much ſooner made than without it 
But, as I know you are yet totally. un- 
acquainted with mathematical inſtru- 
ments, I will now ſhew you how to pro- 
ject an eclipſe of the Sun, only by means 
of a pair of compaſſes and a common 1 
bes A: then, ; you will be at no loſs | 
about . 


I 
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about -projeſting any eclipſe of the Moon, 
—_ much eaſier to be 'Soge" . 
— tell you Forte: things, by ch =. 
will underſtand 'the \ reaſon why all the 
different parts of the conſtruction of a 
ſolar eclipſe muſt be as we lay them 
down; and then proceed to conſtruct the 
Sun's eclipſe" which fell on he” 14 b of 
July 1748, as it appeared at Londoi 
Vo know, it is but à few ies e 
© one of the panes of glaſs 
in the dot cet of your room with gum 
_ water; and, when it was dry, you 
Placed yourRalr about afoot from the 
glaſs; and, keeping your bead ſteady, 
you delineated a landſkip on the glaſs, 
with your black lead pencil, of all the 
diftant qbjects which you faw through 
te glaſs, drawing them on thoſe parts 
— of the glaſs which, were juſt between 
1 and yaur eye; as if the peneit-had | 
: touched the objects themſelves. 
E. I have often done fo: then draw! 


them with ink (Which the gum water 
enuſes to BRAY _ then laid a paper 


2 over 


/ 


i 


| 
1 
ö 
' 
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over them on the glaſs, . them 
| thereon with the black lead pencil. . 
VN. Now, ſuppoſe the Equator to be a 
viſible circle on the Earth, and that a 
circle is drawn through any place (as 
ſuppoſe London) parallel to. the Equator: 
chat che Earth had an axis put . 


15 plane of the e is or Earth's: orbit, 
which line would be called: the 2 axis of 
the ecliptic. _ 
Imagine all tele ins moths che 
| viſible to an obſerver at the Sun; and 
ſuppoſe yourſelf to be there, holding a 
pane of glaſs between you and the 
Earth, and. delineating. the figure of the 
| hereon, with its axis, | Equator, 
the Sls parallel to. the Equator paſſing 
London, and — axis. of the 
ecliptic... Then, 1 5 
e ee den he eas e | 
weſt. to eaſt, the places on its ſurface 
would appear to you to move as from 
_ left hand toward your right;/ and 


5 BK vou 
a « WS for 
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you would fob: Ti: as moving over 
the Earth in the circle hight is drawn 
through it, parallel to the Equator. And, 
when the Moon is new, and eclipſeth 
_ the Sun from any part of the Earth, you 
would ſee her between you and the Earth, 
as paſſing over it from left to right hand, TY 
the fame way as it turns on its axis: 
and you would ſee a great part of the 
Moon's penumbra or partial ſhadow, 
all around her (as it were) like a dark 
browniſh ring, travelling with her over 
the Earth. 
As the Sun ſhines uud the North 
pole of the Earth, from the zoth of 
March to the 23d of September, you 
would ſee that pole all the while in the 
enlightened part of the Earth's diſc (or 
flat round ſurface, as it would appear 
to you; like as the Sun and Moon do to 
us): and from the 22d of e 
- to the 2oth of March, the ſame pole 
would be hid from your eye-ſight, be- 
bind the viſible and illuminated diſc of 
the K ene ſs in e 17 875 
_ C 


I 


} 
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x a ſtraight walking ſtick be PR — 
at a diſtance from you, and inclining g 
| + Either directly toward you or from vou, 
it will appear to you to be upright : : but, 
if it inclines either toward your right 
A left hand, you will perceive it to do 
- Therefore, when the Earth's: axis. is 
| inclines either directiy toward you or 
from you at the Sun, it will appear to 
you to be perpendicular to the plane of 
the Earth's orbit or ecliptic ; ; and to co- 
incide with the axis; of that plane. But, 
when the Earth's axis inclines more or 
leſs ſidewiſe to the Sun, the northern 
half of it will appear to you to incline 
from the axis of the ecliptic, toward 
your right or left hand; and the ſouthern 
half to incline the contrary way from 


" the, axis of the ecliptic: for then, theſe 

two axes will ſeem to croſs. each other in 

| the middle point of the Earth's axis. 
PT, Now, as the Earth's axis really in- 


clines 24 degrees from a perpendicular 

to the plane of the Earth's. orbit, and 
15 always keeps inclining to one and the 

fame 1 of the Heavens, in the Earths 
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Wann han . 
pear in different poſitions of inclination” ' 
ws to the axis of the ecliptic, as ſeen from 
the Sun, at different times of the year; 
the North pole being ſometimes e 
your right hand from the axis of the 
_ ecliptic, and at other times toward your 
left hand from the axis of the ecliptic; 
conſtantly varying the apparent angle of 
* HTN, according” to the er s 
| Brom? a 21ſt of Wed to the 
ü 21ſt of June, the North pole of the 
Earth's axis lies toward the right hand 
from the axis of the ecliptic, as ſeen 
from the Sun; and moſt of all ſo on 
the 2oth of March. From the 2 1ſt of 
June to the 21ſt of December, the North 
pole of the Earth's axis lies more or leſs 
to the left hand, as ſeen from the Sun; 
| and moſt of all ſo on the 23d of Sep- 
B. Nn ven l de 60 Sood as 
to write down theſe matters for me when 
you are at iſure 5 * CO; 1. am afraid 
. * them. + 
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51 vo may depend upon it that 1 
1 eſpecially as they are the very 
Principles on which we are now about 
do conſtruct an eclipſe of the Sun: which 
zs, in the firſt place, by delineating a 
ſtigure of the Earth, with its axis, Equa- 
tor, Gc. according to their poſitions as 
ſuppoſed to be ſeen from the Sun (or 
from the Moon juſt between the Earth 
and the Sun) at the time of the eclipſe. 
Now, we will go to work, accor a to 
3 Pr calculated elements. 
Make a ſcale, as y AC (PLATE! VII. 5 
7 Fig. 1.) almoſt half the length of the 
paper intended for your projection, and 
divide it into 60 equal parts at leaſt, 
reckoning each part to be one minute, 
or a ſixtieth part of à degree. —— Then, 
take the ſemidiameter of the Earth's 
diſc, 53 minutes 32 ſeconds, (or 532) 
| from the ſcale, in your compaſles ; and 
with that extent, ſet one foot in the end 
Cof the ſcale, as a center; and with 
the other foot deſcribe the ſemicircle 
ADB, for the. eircumference of the 
northern half of the Earth's illuminated 
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diſc or 3 we E on IR e 


North ſide of the Equator ; and continue 
the line y AC on to B ſo 463 


| 5 be a portion of the Ecliptic equal tothe 
diameter of the Earth as ſeen From: the 


Sun or Moon at that time. 


From the center C. Gs he Ko: ED 
H, perpendicular to A C B; and call the 
Ko: line C D H the axis of the ecliptic.” . 


Divide the quadrants A D and D B | 


3 each! into 90 equal parts for degrees, be- 
ginning at D. Then connect the points 


E and G (which are 23, degrees on ee. 


| ideof D) with. the ſtraight line E FS 
ole. P of the 


in which line, the North pole 
Earth's diſc will always- be found. 


Set one foot of the compaſſes in "the 


Point E, where the line EFG interſects 


the axis of the Ecliptie C DH; and, hay- | 


* 


ing extended the other foot from F to E. ; 


3 T * 


21rcle 


or. from F. to G, deſcribe the 


— * 


E H G, and divide its quadrant H e 


90 equal parts for degrees, becauſe the 
Earth's axis lies to the left hand from 


the axis of the Ecliptic, as ſeen from the 


Sun in the month July.— . me Earth 


EI. 
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axis had lain to the right hand from! the 
axis of the Ecliptic, the quadrant” HGA 
muſt have been divided into oy 1 
he not the quadrant. 2 


As the Sun is 32 nn 42 ain 


40 ſeconds (which may be eſtimated: 32 | 
* and four-ſixths, or two-thirds, 


of a degree) from the neareſt (or ſum- 
mer) ſolſtice; which is the firſt point · of 
Cancer, on the noon of the 14th July 
1748, draw the right line IP, parallel 


to HD, from 32+. degrees of the qua- 


drant HE till it meets the line E FG 


at P: then, from P to C, draw the right DO 
ine P C; fo PC ſhall be the northern 


half of the Earth's s axis, pore 15 "hh North 
pole. | 


As tas: n 18 on hs Noch gde of ay 
| Equator 1 in July, and con ſequently nearer 


the point of the Heaven juſt over Lon- | 


don (or the vertex of London) than the 
Equator is; ſubtract his declination, 
19 degrees 35 minutes 
21 ſeconds) from the Latitude of Lon- 
don, 51 degrees 30 minutes, and the 


for 
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for the Sun's diſtance from the vertex of 
London on the noon of July the 14th; 
From the point & (in the right hand 
ſide of the ſemicirele 4D B) at 31 de- 
grees 55 minutes counted upward from 
B draw the right line & 4, parallel 8 
CD and taking the extent 4 in your 
compaſſes, ſet it from C to XII on the 
Earth's axis CP. 8o, the point XII ſhall 
be the place of London: on: the Earth's 


diſc, as ſeen from the Sun, at the inſtant 


when it was noon at Logdome on 82 95 7 50 | 

of July 1748. 8 
Add the Sun's eien ug? 355 to 
ahi Latitude of London 519 zo, and 
ſum will be 71 degrees 5 minutes, for 
the Sun's diſtance from the vertex 'of 
London on the 14th of July at Og 
Than. . 
From 71 5, bunte dd in . 
right hand ſide of the ſemicircle A DB 
from B to m, draw the right line m = 
parallel to C D. Then, taking the ex- 
tent 1 in your compaſſes, ſet it from 
C towards or beyond P on the Earth's 
axis EP,” as it. W to reach ſhort of 

Por 
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P or beyond:it but in the: preſent cats 
it reaches ſo little above P, that we may 


reckon C P to be its whole extent: and 


ſo, the point P ſhall repreſent the place 
or ſituation of London at midnight, be- 
Fond the iliuminated part of the Earth's 


diſc, as ſeen from the Sun; and conſe- 
e in the dark part thereof. 


Divide the part of the Eartb's axis 


between XII and P into two equal parts, 


XII K and P K: then, through the point 
K, draw the right line VI K VI oro 
: dicular to the Earth's axis C XIX P. 


 SubſtraCt the Latitude of London, 53 : 


| 30 from 9oꝰ oo; and there will re- 
main 383 for its Co: latitude. Then, 
from 3805 counted upward from B to 
v in the ſemicircle 4D B, draw _ the 
right line v w; and, having taken its 
length in your compaſſes, ſet off that 


length both ways from K in the Earth's . 


axis to VI and VI. in the line VI K VL 
No, to draw the parallel of Latitude 

of London, or its path on the Earth's 

: Ae as Fen from the Sun, from the 


L. . : time 
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time of  Sun-riſe till the time of n 
at ieee Ft 

The compaſſes being opened from K 
to VI, ſet one foot in K, and with the 
other foot deſcribe the ſemicircle VI 7 
8 9 10 11 12 1 2 3 4 5 VI, and di- 
vide it into twelve equal parts. Then, 
from the diviſion- points N 8 9. '&c:) 
Ss has ions 28 85, ge ek &c. 
all parallel to the Earth's axis C P, e in 
the figure. 

Set one foot of * 3 in K. 
5 and with the other foot deſcribe the ſe- 
micircle PL XII, and divide its e 
XII L into fix equal parts, as at the points 
I, 2, 3, 4,5, 6; becauſe the Sun is on 


| the North fide of the Equator. If he 


had been on the South fide of it, the 
quadrant P L (and not the quadrant XIT 
E) muſt have been ſo divided. 

Through the ſaid diviſion-points of the 
quadrant ' XII E, draw the right ' lines 
XI II, X 2 II, IX 3 III, VIII IV, and 
vn 5 V, alt parallel to. the right line 
VI K VI; and, through - the points 


5-12 theſe” Pies "meet dhe former 5 pa- 
. rallel 


— 
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rillet fines 70, $5, ge, 10. Kc. draw 
the elliptical curve VI VII VIII IX XXI 


XII I II HIT IV VVI; Which may be 

TC Point to point; and 
- ſet the hour-letters to thoſe points where 
the right lines meet in the curve, as in 


done by hand, 


the figure. This curve ſhall repreſent 
the parallel of Latitude of London, or, 


the path which London (by the Earth's 


motion on its axis) appears to deſcribe 
on the-earth's diſe, as ſeen from the Sun 


on the 14th of July, from VI in the 


morning till'VI at night : and the' points 
VI, VII, VIII, IX, &. in the curve ſhall 
be the points of the diſc where London 
| would be at each of theſe hours reſpec- 


9 


Sun's declination had been as far South 
as it was North, the dotted curve VI PM 
VI would have been the path of Lon- 
don ; which muſt have been found by 
dividing the quadrant P L, into fix equal 
parts, and drawing lines parallel to VI 
K VI betw * line and the pole P, 
and continuing the lines 7a, 84, ge, &c, till 
ber met the parallel lines drawn 
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tively, as ſeen from the Sun. If the | 


£54 
rr 
a4 , EIT 


PD 2 r 
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= the diviſion-points of the qua- 
drant P I. — The points p and G, Where 
the elliptical curve touches the circumfe- 
rence of the diſc, denote the inſtants of 
the Sun's riſing and ſetting at London : 
for, when London is at p, it will be juſt 
entering into | the enlightened part of 
the Earth; and going into the dark, yan 
. 

From the point M viz. 5 degrees 35 
minutes to the right hand of the axis 
of the Ecliptic C D, draw the right line 
MC for the axis of the Moon's orbit, as 
ſeen from the Sun, becauſe the Moon's 
1 Latitude is North deſcending, on the 14th 
of July 1748.—If her Latitude had been 
Noris aſcending, the axis of her orbit 
muſt have been drawn 5 degrees 35 mi- 
nutes on the left hand ſide of the. Lend of 
the Ecliptic. 1 

Take the Moon's. n 28 55 
from C to 5, with your compaſſes, in the 
ſcale AC, and ſet that extent from C to 
on the axis (CD) of the Ecliptic. Then, 
through the point 9, draw the right 
Fe NT 0 7, PErPrngientar to the axis of 

e 
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the Moon's orbit Cz M. mi N 9 Ot ſhall 


be the path of the center of the Moon's 


ſhadow over the Earth; and will repre- 
ſent as much of the Moon's orbit, ſeen 


during the time that her ſhadow or pe- 


| numbra1 18 going over the Darn 


R * 2 he ſale 4 C, 1. the 


Moons horary motion from the Sun, 


27 17, in your compaſſes; and make 
the line A B (Fig. z.) equal in length to 
. that extent: and divide the ſaid line into 


Moon, on the 14th of July 1748, was 
at 15 minutes 3 ſeconds after XI o clock, 


take 15 minutes (neglecting the three 
ſeconds ) from A to à on the line AB in 
your compaſſes, and ſet them off, in 


Fig. 1. ſrom the middle point between g 
and 2, in the right line N9y 2 O, to XI 
in that line; becauſe the tabular time 
of new Moon is mid-way between the 
point 9, where the axis C Dof the Eclip- 


tic and the axis 0 * of the Moon $ orbit 
1 
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cuts the line or Path oÞ the f emu m 
center on the Earth. 1158 
Take the Whole Ae of ans une 
AB (Fig. 2.) in your compaſſes; and, 
with that extent, make marks along the 
line N O (Hg. 1.) both ways from XI; 
and ſet the hour- letters to theſe marks, 
as in the figure. hen, divide each 
ſpace, from mark to mark, into ſixty 
parts or horary 2 
mall ſhew the poi 8 dit 
where the center of the penumbra Falls, 
at every hour and e N 6 12 0 
tranſit over che Earth. ee ee | 
Apply one ſide of a ſquare to the une 
* the penumbra's path NO, and move 
the ſquare forward or "backward till the 
other ſide cuts the fame hour and 
minute, as at and v, both in the path 
of the penumbra's center.” and the path 
of London: and the minute, which "the 
ſquare cuts at the fame ' inſtant in both 
theſe paths, is the infant of the viſible 
conjunction of the Sun and Moon at 
London; and conſequentiy, of the 
ee obleuration of the Sun by the 
Moon; 


Bf 


1 y 
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3 kick; according to the projecti- 


. ons 18 at go mines: pale: * rin the 


Take che Sum 8 @ e eee 1 5 50” 

ur” compaſſes from the ſcale E and 
ſetting: one foot at r as a center, in the 
path of London: with the other foot de- 


ſeribe the circle R & for the Sun, an ſoen | 


from London at the time of greateſt ob- 


ſcuration. / Then, take the Moon's ſend: 


diameter, 14 53", in your compaſſes 
from the ſcale; and ſetting one foot in 


the Moon's path at 8, with the other foot 


N. 


deſcribe the circle TU. for the Moon, as 


ſeen from London, when ſhe obſcures 


> of all of the Sun, during the 


eelipſe: which may be meaſured by a 


diameter line 1 „ drawn acroſs the 
Sun through the points 6 and , and 


divided into 2 equal parts for digits of the 


Sun's diameter: of which, according to 


the Preſent Projection, hero 6 are 9 9 5 85 


Take the ſemid] iameter er dhe pe- 


ind 30 43, from the ſeale in your | 
bee an and * one 88 in the 


path 
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path of the penumbra's center, direct 
the other foot to the path of London 
among the morning hours at the left 
hand; and carry that extent backwards 
and forwards, till both the points of 


the compaſſes fall into the ſame inſtant 


in both the paths; which inſtant will 
denote the time when the eclipſe began 
at London. Then, do the like among 
the afternoon hours; and where the 
points of the compaſſes fall into the 
ſame inſtants in both the paths, they 
will ſhew at what time the eclipſe ended 
at London. Theſe trials ſhew - ig: the 
beginning of the eclipſe was juſt at IX 
o'clock in the morning, and its ending 
at 7 minutes after XII o'clock at noon ; 
as the compaſſes reach juſt from IX in 
the path of London to IX in the path 
of the penumbra's center; and from 
7 minutes after XII in the path of Lon- 
don, to 7 minutes after XII in the path 
of the penumbra's center. Thus, we 
have, at laſt, finiſhed the projection, and 
found den was RE. to des n 


| m it. | 
5 The 
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E. The whole proceſs is very plea- 


fant, but, I think, it is eee route 


- ous. 
N. Thak's is hu: we le Pen Be 


6 liged to divide the ſemicircle AD B and 
the quadrant E H with a pair of com 


paſſes.—If the Seftor, had been uſed, the 
labour world have been much ſhortened, 
becauſe we could have taken off all the 


meaſures directly from it; and ſo have 
avoided all the trouble of dividing, not 
only of the ſemicircle and quadrant, but 


1 alſo even of the ſcale. | 
. Sill with you: would teach r me | how to 
uſe the Sector. 

N. I will fend to my e in- 
eee ee Mr. Bennet, in Crown- 
Court, near St. Ann's Church, Soho, for 

a compleat caſe of mathematical inſtru- 


ments; and will make you a preſent of 
it, and inſtruct you how to uſe them 


before I leave os place. In the mean 
time, I will aſk you a few queſtions re- 
lative to the ſubjefts we have been up- 
on: and, if you can anſwer them cle- 
ver iy, I ſhall not ſeruple to tell Far. 


that 
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chat you have. made a, very 


progrels. . e 
E. I thank you, Sir, for your inten 


extraordinary 


NV. What: 3 jon: conſequens : 


if the earth were fixed in any point of 

its orbit, ſo as to have no progreſſive 
motion therein; and to turn round its 
axis with its preſent velocity, havin 
pen her hg plane! ef the 


Ecliptic | 
E. The 1 lay ud 
be of the ſame length with the fydereal 
day; which is equal to ag are 56 
minutes 4 ſeconds of the time now mea- 
ſured by a well regulated clock. The 
Sun would conſtantly appear to reuolve 


in the Equator, days and nights would 
always be of an equal length at all 


e 9 855 near r the el or Tees from 


them. 
2 * 2 ” + > 


adder; by cw 3 


, * 


= Theſubftanceof whats 


" andanſwer, was given by the author ſome time ago to a gentle- 


man who has ſince publiſhed” i it, not without the author's 
* at the end of a printed book. 


f its 


n 


— 
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And conſequently, . x there, ould . 


- = no. different ſeaſons. 
EN; What would be . 8 


i; the. Moon's. diſtance. from,, + hy, Earth 


was ſuch, as that ſhe ſhould. ap 


be of the ſame magnitude with the Sun; 8 


that her orbit were e and lay in 
the plane of the Ecliptic; and 


her preſent velocity? 


E. The Moon pls ae ys " lee 


in the plane of the Equator ; 3 n | 


oſing the Earth had no progreſſive m 
tion in its orbit) the Moon would 5 
round from change to 


time ſbe now goes round Tow orbit, , 


which is, in 27 days:7, hours 43 
minutes 5. ſeconds. The diameters. of 
the Sun and Moon would, always appear 
to be equal. The Moon would, eclipſe 
the Sun totally, for, an inſtant. of time, 
at all thoſe places over which the center 
of her ſhadow. paſſed, which would be 
directly along the Equator. The eclipſes 
would be only on different ſides 


*; the ba, and never viſible at 


3 
1 
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that "ihe 
moyed. round the Earth i in ber orbit, with 
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more tin 2350 miles from it. The 
Moon would be totally eclipſed in tlie 
Earth's ſhadow at every time the was 
full; and the durations or all IE” wag work 
would be equal. MN 

N. What would be the cn e | 
if the Moon's orbit acquired an ellipti- 


cal form, ſuch as it is now of: that it 


continued in the plane of the Ecliptic, 
and the Earth had no progreſſive mo- 


tion, but! _ turned ron: its axis as 
before? 


E. The lengtlis of Pre at” nights | 
would be the ſame as above, and the 


times between the new or fall Moons 


would remain the ſame. The Sun 


would be eclipſed (as above) at every 
change, and the Moon at every full; 


and the center of the Moon's kunde w, 


when the Moon is new, would always 
paſs along the Equator. If the changes 
fell in that part of the Moon's orbit 
which is furtheſt from the Earth, the 
Sun would never be totally eclipſed; but 
would appear like a fine luminous ring 
all round the dark _ of the Moon, 
e at 
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| at theſe places on the Equator: where: "" Fs 
| were directly over head at the 
5 a of the change. If the changes 


fell in that part of the Moon's orbit 


which is neareſt the Earth, all the eclipſes | 


of the Sun would be total at the Equa- 


tor, for about four minutes of time: 
But if they fell in either of the two 
parts of the Moon's orbit, which are at a 
mean between thoſe parts which are at 
the greateſt and leaſt diſtance from the 


Earth, the eclip ſes of the Sun would be 
juſt total for an inſtant of time at the 


Equator, and no where elſe. All the 
ec ipſes would be total with con- a 


Moon's 
tinuance, as above. | 
N. Suppoſe now, that the Earth ſhould 


revolve about the Sun, with its preſent 


velocity, in the plane of the Ecliptic, its 


axis keeping always perpendicular there- 
to: that the Moon ſhould revolve as above, 


with her preſent velocity; and that her 
orbit ſhould remain always in the 1 


of the Ecliptic _ x. 
E. In that caſe, the days Got nights 8 
| would always continue 6 above) ef 


„„ 5 ne 


% 


5 Sun's eclipſes would be central only at 


1 % - 
9 * 
* 1 % | 
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5 equal length; only the 24 ſolar hours 
would be 3 minutes 56 Seam langle | 
3 24 ſydereal hours, as they now 

but there would be no different 
— The Moon would go round 
her orbit in 27 days 7 hours 43 minutes 
5 ſeconds; and round from the Sun to 
the Sun again, or from change to change, 
in 29 days 12 hours 44 minutes 3 ſeconds; - 
as ſhe now does. The Sun wauld be 

eclipſed (as above) at every change, and 
the Moon at every full; and all the 


the Equator; but they would ſometimes 
be total there for four minutes, - fame- 
times total only for an inſtant, and at 
other times annular; according to the 
 diſtanee of the moon from the Earth in 
Aüfferent parts of her lippe acht 3% 
the times,, 

N. With the above circumſtances, re- 
lating to the Earth's progreſſive motion 
in its orbit, and the Moon's. motion in 
her orbit; what would be the conſe- 
quence if the Earth's axis ſhould be- 
come were to the Ecliptic, as it. now 

18 3 


7 8 


. pt 


e new and full Moons 
key ee as in the laſt anſwer 


above, and the eclipſes of the Sun and 
Moon the ſame. A On „the 8 Sun's. cen 


agar, but ſometimes. on one 
etimes on the other; that is, 


been the Equator and. gbat pole of the 
Earth which was inclining toward - the 
Sun at the time of the. eclipſe. —In our 
Spring, the center of the Moon's ſhadow 
would go obliquely over the Earth, from 


ern tropic to tho x northern—ln 


9 2 +» 


ſummer, . the . ſhadow . 
take the Earth at the On aa and thence 
bend its courſe to the northern * 19s 
2 [that ORE. ta the 


28 


1 4 


Farth, from the northern tropic to the 
ern: and, in winter, it would 
9 . 


a * 


would not fall always at the 
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take the | Earth at the Equator,” from 
which it would bend its courſe to the 


ſouthern tropic, and go on obliquely from 
that tropic to the Equator, © where it 


would leave the Earth. And, in each 
of theſe four caſes, the Sun's eclipſes 


would be central to all the parts of the 


Earth over which the center of the 


Moon's ſhadow paſſed ; ſometimes total 


only for an inſtant, ſometimes total for 
four minutes, and at other times only 


annular. The eclipſes of the " on 


: would be as above. 


N. Suppoſing now, that 8 Mook? J 
orbit ſhould become inclined” to the 


Ecliptic, as it is at preſent, but that her 


nodes ſhould have no motion therein; 


and every other circumſtance 2 805 re- 


main as in the laſt queſtion 30h 
I Then, the Sun 1 


never be 


eclipſed at more than 17 roles from 
either of the nodes, at the time of any 


new Moon whatever; nor would the 
Moon be eclipſed at more than 12 de- 
grees from either of the nodes at any 
time whatever of being full. 80 that 


We 


\ 


# 


, 
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we ſhould: have but few. ecinſs (as is 
now the caſe) in compariſon of the num- 
by of our new and full Moons. And 
e eclipſes would be confined to the 

2 featons of the year; for there 
would be half a year between thoſe 
which happened aboftg) one node and 
about the other, becàuſe chere would be 
juſt half a year between the conjunctions 
= the Sun with one. node _ Ne * 
other. 3 

N. Every thing. remaining a8 ow, 
excepting the ſtability of the nodes, and 
of thoſe two points of the Moon's orbit 
which are moſt and leaſt diſtant from 
the Earth: What would be the conſe- 
quence if theſe: points acquired a direct 
or forward motion in the Moon's orbit, 
and her nodes a backward or retrograde 
motion; as they now have? 

E. I believe every circumſtance would 


he as it now is: and therefore, we ſhould 


have all the variety of ane that now 
exiſts in nature. 


N. Well done, Eudefia 1 vou have 


| anſwered all my queſtions to my mind : 


"I which 
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applying to books will 1 Wheel M's ne 
ceſſity of our having any Wore 2 

5 But I am nely forty,” brdcher, 
to have heard yeſterday, that you are to 
ſet out for Italy in à few days, Which 
is much ſooner than was expected. 9 
ſhall miſs you fallly ; — and as you will 

probably be gone before I can read Fer- 

_ gufon's Atbncmy quite through ; I ſhould 
be glad to know whether you would 
have me to read any other book Ho oy 

the like fubjeck afterward. | 
VN. By all means. Here is Doctor 
Long's Aſtronomy take it and Keep It; 
for it will afford you a great deal of en- 

: tertaining and pleaſing knowledge, eſpe⸗ 
cially in the hiſtorical part. ou may 

fia over thaſe parts which are geome-— 

trical, as I ſhall not now have time to 

inſtruct you in that branch of ſcience:- 0 

Tis true che e = large; but 
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ger, and that the 
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1 
have got to the end, you will wiſh it 
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E. Permit me, dear brother, to thank 
you moſt fincerely for this valuable 


Doctor would finiſh his ſecond volume. 
reſent. 


had been much 
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rount numbers, and no known hill 
upon it is three wiles i in perpen dicular 
. height, IIS * 5 
Proof ofthe} That "the: euch ipheritat, or 
8 round like a globe, appears, 1. from its 
| caſting a round ſhadow upon the Moon, 
whatever fide be el warms her 
when ſhe is eclipſed. 2. From its hav- 
ing been failed round by ſeveral 
ſons. 3. From our rol the f er, 
the higher we ſtand. 4. From our 
ſeeing the maſts of a ſhip,. whilſt the 
hull is hid by the convexity of the 
water. 
— The attractive ,ower of the earth 
: on all draws all terreſtria bodies towards its 
ham id center; as is evident from the deſcent 
i by of Bodies in lines perpendicular to the 
of falling earth's ſurface, at the places whereon 
i” the; fall; even when they are thrown 
off from the earth on oppoſite ſides, and 
9 "conſequently, in 1 directions. 
300 that the earth may be com rg i» 
"a-preat; magnet "rolled. in 
, which attracts and 5 Bug 
| equally faſt to. its ſurface on All ſides. 
Hence, asall terreſtrial bodies are attract- 
d toward the earth's center, they can 
e in no danger of falling from any ſide 
OT + N. S of 


ba 


un. 


2 the Heavens and the Pa 23 


BE The heaven. or ſky. ſurrounds "_ __ 
A ſe earth ; and v when we ſpeak of up 8 
or down, we mean only with regafcg 
to ourſelves ; for no point, either in . 
heaven, or on the furface.of the earth, 
is above of below, but oni 1 550 reſpect 1 
to ourſelves, And let us b n What 

part of the earth we will, we Hand with” 
our feet toward 1 its center, andour head: 
toward the ſky. : and fo we ſay, it is up 
to theſky, and, down toward the center 
of the cart. 

To an obſerver placed any Where W Tontay 61g 
the indefinite (| ace, where there is no- vo appear 
thing to limit his view, all remote ob- Yau? 
jects appear equally diſtant from him ; 
and ſeem to be placed in a vaſt concave 

| ſphere, of which his eye is the center 
Every aſtronomer can demonſtrate, 
that the Moon is much nearer to us, 
than the ſun is; that ſome of the pla- 
nets are ſometimes nearer to us, and 
ſometimes farther from us, than the 
ſun; that others of them never come ſo 

near us as the ſun always is; that the 
remoteſt planet in our ſyſtem, is be-. 
yond compariſon nearer to us than any 
of the fixed ſtars are; and that it Is 


highly —— ſome ſtars are, in a 
: manner, 


Ina ma- 


than others. And yet all th theſe ce 


wund on this axis, it ee 


feu bern hemiſpheres 


— 
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manner, infinitely; more diſtant from ys 


i900 apps op | = OY. nt from 7 


„ we Imagine a large 
of gla & to.have ad man 


are ſtars viſible 1 in | he heaven, : and het 
ds to be of different magnitudes 
and placed at the fame. ar ua 
ances from each o other ; as the ita 

the Ihe will be à true ri 1 
of the ſtarry heaven, to an 80 
to be in its center, and 125 1 
around. And if Ke | a 
- mapof the Earth „ be ; Placed 


wn on an axis in the N 785 of this ftarry 


, and the ſphere be made to turn 


. 8 K 
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Rod. motion . 5 har rot 


the £8 15 dee Te 
this circle will repreſent the e 


which divides the heaven into two e- 


parts, called the ßen, 9 75 the 
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on the north ſide of the EquinoRtia 1 
during the other half, on the - ſouth ;/ 
_— end of ei half, in the e e. 
oftrial globe i in 
' this ries to be about one inch in di- 
ameter, and the diameter of the _ 5 
ſphere to be about five or ſix feet, a ſmall 
inſect on the globe would ſee oniy a very 
little portion of its ſurface; but it would 
ſee one half of the ſtarry ſphere; the 
convexity of the globe hiding the 


w e e e From ity e e 


of the hex be turned weſtward round the globe, 
and the inſect could judge of the ap 
rances which ariſe from that motion, 
it would ſee ſome ſtars riſing to its 
view on the eaſtern fide 'of ade ſphere, 
- whilſt others were ſetting on the weſt- 
ern: but as all the ſtars are fixed to 
the ſphere, the ſame ſtars would al- 
- ways riſe in the ſame points of view 
on the caſt fide, and ſet in the ſame 
points of view on the welt<ſide. With 
the ſun it would be otherwiſe, becauſe 
the ſun is not fixed to any point of the 
_ © ſphere, but moves ner along an 
N ue circle in it. And if the inſect 
ſhould look towards the ſouth, and 


call that None” of the globe, * 
the 
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the equinoctial in the ſphere NY 
to cut it on the left ſide, the ef 


Point; and where it cuts the ks 


on the right fide, the weft point; the 
little animal would ſee the ſun riſe 
north of the eaſt, and fet north of the 
welt, for 182+ revolutions; after which, 
for as many more, the fun would riſe 


ſouth of the eaſt, and ſet ſouth of the 


weſt. And in thewhole 365 revolutions, 
the ſun would riſe only twice in the 
eaſt point, and fet twice in the weſt. 
All theſe ap pre would be the 
ſame, if the ſtarry ſphere ſtood fill 
(the fon only moving in the ecliptic) 
and the earthly globe were turned 
round the axis of the ſphere eaſtward. 
For, as the inſe& would be carried 
round with the globe, he would be 
qu infenfibte of its motion; and 
the fun and ſtars would appear to 
move weſtward. \ 


Me are but very mall beings When 


compared with our earthly globe, and 
the globe itfelf is but a dimenſionleſs 
point compared with the 3 
of the ſtarry heavens. Whether the 
earth be at reſt, and the heaven turns 
round it, or the heaven be at reſt, and 
the earth turns round, wo * 
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Of the Heavens and the Earth. 


to us will | be exactly che fame. Go 
becauſe the heaven is ſo immenſely 
large, in compariſon of the earth, we 


ſe one half of the heaven as well from 


the earth's. ſurface, as. we could do 
from its. center, if the limits of our 


view are not intercepted by hills. 


dne erb. We may imagine as many circles 5 


5 ſphere, 


deſcribed upon. the earth as we pleaſe; 
and we may imagine the plane of any 


; circle deſcribed upon the earth. to be 


5 The bori- 


oN. 
* 


continued, until it marks a circle in 
the concave ſphere of the heavens. 
The horizon is either ſenfible or rati- 
onal. The Senfible horizon is that cir- 
cle, which a man ſtanding upon a 
large plane, obſerves to terminate his 
view all round, where the heaven and 
earth ſeem to meet. The plane of our 
ſenſible horizon. continued to the hea- 
yen, ' divides it into two hemiſſ heres; 
one viſible to us, the other hi by the 
conyextty of the earth. 
The plane of the rats tg "4-7-0 
is ſuppoſed p parallel to the plane of 
nſible; to paſs through the cen- 


oy of the earth, and to be continued 


to the heavens. And although the 
plane of the ſenſible horizon touches 
the earth! in che ur of the obſerver, 
yt. 


7 


die ond and the Earth. 11 


Be this plane, and that of the rational 
orizon, will ſeem to coincide in the 
3 heaven, 'becauſe the whole earth is but 
a point compared to the ſphere of the - 
heaven. Le | 
The earth being a ſpherical body, 
the horizon, or limit of our view, 
_ muſt change as we change our place. _ 
The poles of the earth, are thoſe two pn. 
points on its ſurface in which its axis 
terminates. The one is called the north 
Pole and the other the ſouth pole. 
The poles of the peaven, are thoſe two 
| points in which the earth's axis pro- 
_ duced terminates in the heaven: fo . 
that the north pole of the heaven is 


| directly over the north pole of 'the 
earth; and the ſouth pole of the heaven 
: - diredtly © over the Touth pole of the 955 


carte 


The eie is a great ; the upon * 
| the earth, every part of which is on Þ 
diſtant from. either of the poles. 
divides the earth into two Ly — 
called the northern and ſouibern 1 
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| heres. If weſuppoſe it plane of he 
circle to be extended to the heaven, it 

will mark the equino#ral therein, and 
will divide the h 
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Meridian. 


parts, lied the northern and ö | 
pa eres of the heaven. 


The meridian of any place is2 3 


circle paſſing through that place and 


the poles of the earth. We may ima- 
gine as many, ſuch meridians as we 
pleaſe, becau e any place that is ever 


1o little to the eaſt or weſt of any other 


place, has a different meridian from 


| that place; for no one circle can paſs 


through any wa ſuch places and the 


bot ner) the earth 


The meridian of any place i is divided 


by the poles, into two ſemicircles: that 


5 paſſes throygh the place 18 called 

Gch hical, or upper. meridian; and 

85 wi paſſes through the oppolite 
place, is called the lwver meridian. 

When the rotation of the earth brings 

the plane of the geographical mexidian 


to the ſun, it is noa or mid-day to that 


place; ; and when the lower meridian 


5 — to the ſun, it is midnigblt. 


All places lying under the ſame geo- 


IND meridian, . have their noon 


ſame time, and conſequently all 


e Rp hours. All thoſe places are . 


id to have the ſame lang SA 0 becauſe 


no one of them lies "thee eaſtward or 
weſtward from > of the reſt, © 


If 


Of the Heavens and the Earth. 6: 


If we imagine 24 ſemicircles, one of rer 
which is the geographical meridian of 
aà given place, to meet at the poles, and 
to divide the equator into 24 equal 
parts; each of theſe meridians will 
come round to the ſun in 24 hours, 
by the ſun's equable motion round its 
axis in that time. And, as the equator 
contains 360 degrees, there will be 15 
degrees contained between any two of 
thefe meridians which are neareſt to 
one another: for 24 times 15 are 360. 
And as the earth's motion is eaſtward, 
the ſun's apparent motion will be weſt- ' 
ward, at the rate of 15 degrees each 
hour, Therefore, a 
They whoſe geographical meridian Lean. 
is 15 degrees caſtward from us, have 
- noon, and every other hour, an hour 
ſooner than we have. They whoſe 
meridian is fifteen - degrees weſtward 
from us, have noon, and every other 
hour, an hour later than we have : and 
ſo on in proportion, reckoning one 
hour for every fifteen degrees. 
As the earth turns round its axis 
once in 24 hours, and ſhews itſelf all 
round to the ſun in that time; ſo it goes 
round the ſun once a year, in a great 
circle called the ecliptic, which croſſes r.. 
"8.2 the 
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one 


the equinoctial in two oppoſite points, 
making an angle of 23: degrees with 
the equinoctial on each ſide. So that 
one half of the ecliptic is in the nor- 
 thern hemiſphere, and the other in the 
| ſouthern. It contains 360 equal parts, 
called degrees (as all other circles do, 
whether great or ſmall) and as the earth 
goes round it every year, the ſun will 
appear to do the ſame, changing his 
place almoſt a degree, at a mean rate, 
every 24 hours. So that whatever 
place, or degree of the ecliptic, the 
abe is in at N >a ſun wok 
then appear in the oppoſite. . And as 
half, of the ecli Kg on the north 
ſide of the Wa. al, and the other 
half on the fouth; the ſun, as ſeen 
from the earth, will be half a year oi 
the ſouth ſide of the equinoctial, and 
half a year on the ors and twice a 
year in the equinoCtial itſelf. 3 
Ĩ be ecliptic is divided by aſtrono- 
mers into 12 equal parts, called fgns, 
each ſign into 30 degrees, and each de- 
gree into 60 minutes: but in uſing the 
globes, we ſeldom want the ſun's place 
nearer than half a degree of the trutli. 
The names and characters of the 12 
ſigns are as follow; beginning at that 
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point of the och ptic where it croſſes 


the equinoctial to the northward, and 


reckoning: eaſtward round to the ſame 


point And the days of the 
a Torn 8 which the ſun now enters 


the ſigns, are ſet down below them. 


=. 7 mens N Cancer, | 


8 
Mk April | May | wn 


"Tout  DUOS)! © 16 LW S73 1 BW 


Lev, vi Irgo Libra, Seorpia 


9 aly Auguſt de ber Oftober | 
FT . | 


Sagittarius, Cen corn, Aquarius Piles. | 
November Decks January February 
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. By remembering 0 on what day tip 
ſun enters any particular ſign, we may 
| eaſily find his place any day afterward, 
whilſt he is in that ſign, by reckoning a 
degree for each day; which will occa- 
ſion no error of ene in uſing 


the * globes. 


— ——— iy re ern — — 


Tropics, 


Of the Heoven axd the Barth. 


When the fun 1 is at the begi ng 
of Aries, he is in the RN, 
from that time he declines northward 


| everyday, until he comes to the begin- 


ning of Cancer, which is 233 degrees 


from the equinoctial: from thence he 


recedes — every day, for half 
a year; in the middle of which half, 


he croſſes the equinoctial at the begin- 


ning of Libra, and at the end of that 
half year, he is at his greateſt ſouth 
declination, in the beginning of Ca 2 
corn, which is alſo 234 degrees 


the equinoctial. Then, he returns 
northward from Capricorn e day, 


for half a year; in the middle o which 


half, he croſſes the equinoctial at the 


beginning of Aries; and at the end of 
it he arrives at Cancer. 

The ſun's motion in the ecliptic is 
not perfectly — for he conti- | 
nues eight days longer in the northern 
half of the ecliptic, than in the ſou- 


thern; ſo that the ſummer half year, 
in the northern hemiſphere, is eight 


days longer than the winter half year; 

and the contrary in the fouthern' 

hemiſphere. _ 

The tropicſs are leſſer circles in the 

"Youu: paralle] to the. equinoctial; „ 
one 


- 
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one on each fide of it, touching the . 
: ecliptic in the points of its greateſt ; 


declination ; ſo that each tropic 1s 23z 
degrees from the equinoCtial, one on 
the north fide of it, and the other on 
the ſouth. The northern tropic touches 


the ecliptic at the beginning of Cancer, : 


the ſouthern at the beginning of Ca- 
fpricorn; for which reafon the former 


is called the tropic of Cancer, and the | 


latter the tropic of Capricorn. 


"FF 


The polar circles in the heaven, are ue. 


each 231 degrees from the poles, all a- 
round. That which goes 2 * the 
north pole, is called the arctic cir- 


cle, — 4 axe, which, ſignifies a bear; 


there being a conſtellation or groupe 


of ſtars near the north pole, which 


goes by that name. The Mouth 
circle, is called the antarctic circle, from 
its being oppoſite to the arctic. 
The ecliptic, tropics, and polar cir- 
cles, are drawn upon the terreſtrial 


l But the ecliptic, being a great fixed 


_ circle in the heavens, cannot properly 
be ſaid to belong to the — gla globez 
and is laid down upon it only for the 


conveniency of ſolving ſome problems. 


80 that, if this circle on the det 


4 


| 


globe, as well as upon the celeſtial. 


a | 


* 
2 
kl 8 
— 


Of the Heaven and the Barth. 


globe was properly divided inks the. 
months and days of the year, it would 
not only ſuit the globe better, but 
would alſo make the problems thereon 
much er. 


In order to fot; a true ien of the _ 


ein motion round its axis every 24 
Hours, which is the cauſe of day and 
night; and of its motion in the ecliptic 


round the ſun every year, which is the 


An idea of 


the ſeaſons. 


cauſe of the different lengths of days 
and nights, and of the viciſſitude of 
ſeaſons; take the following method, 
which will be both eaſy and pleaſant. 
Loet a ſmall terreſtrial globe, of about 
three inches diameter, be ſuſpended by 
a long thread of twiſted filk, fixt to its 
north pole: then, having placed a 
| Hghted candle on a table, to repreſent 
the ſun, in the center of a hoop of a 
large caſk, which may repreſent the e- 
cliptic, the hoop making an angle of 
23x degrees with the planeof the table; 
hang the globe within the hoop near to 
it; and if the table be level, the equa- 
tor of the globe will be arallel to the 
table, and the plane of the hoop will 
cut the equator at an angle of 237 de- 
grees; ſo that one half of the equator 
will be above the hoop, and the * 
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half below it: and; the candle wills en- 
| lighten one half of the globe, as the 


| ſun enlightens one half of the earth, 


whilſt the other half is in the dark. 
Things being thus prepared, . twiſt 
te thread towards the left hand, that 
it may turn the globe the ſame way by 
untwiſting ; that is, from weſt, by 
ſouth, to eaſt. As the globe turns 
: round i its axis or thread, the different 
places of its ſurface will go regularly 
through the light and dark ; and have, 
as it were, an alternate return of day 
and nightin each rotation. As theglobe 


continues to turn round, and to ſhew 


itſelf all around to the candle, car 
it ſlowly round the hoop by the thread, 


from weſt, by ſouth, to eaſt; which | 
is the way that the earth moves round 


the ſun, once a year, in the ecliptic : 


and you will ſee, that whilſt the globe 


continues in the lower part of the hoop, 


the candle (being then north of the 
equator ) will conſtantly ſhine round 


the north pole; and all the northern 
places which go through any part of 
the dark, will go through a leſs portion 
of it than they do of the light ; and 


the more ſo, the farther they are from 
1 . eee Wer Gays _ 
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ars then longer than their f Aigle 
When the globe comes to a point in 


the hoop, mid-way, between the higheſt 
and loweſt points, the candle will be 


directly over the equator, and will en- 
lighten the globe juſt from Feszwbs TW - 


pole; and then, eff lace on 
will go through Awad portions 5 65 


light and darkneſs, as it turns round 
its axis; and conſequently, the day 


and night will be of equal length at all 


places upon it. As the globe advances 


thenceforward, towards the higheſt part 
of the hoop, the candle will be on the 


ſouth fide bf the equator, ſhining far- 
ther and farther round the ſouth pole, 1 


as the globe riſes higher and higher in 
the hoop; leaving the north pole as 


much in darkneſs, as the ſouth pole is 
then in the light, and making long 
days and ſhort nights on the ſouth ſide 


of the equator, and the contrary on the 


north ſide, whilſt the globe continues in | 
the northern or higher ſide of the hi 
and when it comes to the higheſt 


point, the days will be at the longeſt, 


and the nights at the ſhorteſt, in the 
ſonthern hemiſphere; and the reverſe | 


in the northern. As the lobe ad- 


vances and deſcends in the * che 
"0 | 


* * ; 
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light will Wea recede. from the 
ſouth pole, and approach towards the 
north pole, which will cauſe the nor⸗- 
thern days to lengthen, and the ſou- 
thern days to ſhorten in the ſame pro- 
Portion. When the globe comes to the 
middle point, between the higheſt and 
loweſt points of the hoop, the candle 
will be over the equator, enlightening 
the globe juſt from pole to pole, when 
every place of the earth (except the 
WW, wil go through a ual portions of 
ght and darkneſs; conſequently, 
C7 day and night will be then equal, 
All over the globe. | | 
And — at a very ſmall expence, 
one may have a delightful and demon- 
ſtrative view of the cauſe of days and 
nights, with their gradual increaſe 
and decreaſe in length, through the 
whole. year together, with the viciſſi- 
tudes of ſpring, ſummer, autumn, and 
winter, in each annual _ of the 
earth — the ſun. | 
If the hoop be divided into 12 ak 
parts, and the ſigns be marked in order 
upon it, beginning with Cancer at the 
| higheſt point of the hoop, and reckon- 
ing eaſtward. - contrary to the appa- 
rent motion of the * you willſce Ou 
2114 le 
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trial globe. 


deſcribed. 
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the ſun appears to change His place 
every day in the ecliptic, as the globe 
advances eaſtward along the hoop, and 
turns round its own axis: and that 
vvhen the earth is in a low ſign, as at 
Capricorn, the ſun muſt appear in-a 
high ſign, as at Cancer, oppoſite to the 
earth's real place: and thor whilſt-the 
earth is in the ſouthern half of the e- 
cliptic, the ſun appears in the northern 
half, and vice verſa: that the farther 
any place i is from the equator, between 
it and the polar circle, the greater is the 
difference between the longeſt and 
| ſhorteſt day at that place, and that the 
oles have but one day and one ni 135 
in the whole year. 
Theſe things premiſed, v we ſhall ro- 
[Sa to the deſcription and uſe of the 
terreſtrial globe, and explain the geo- 
fallen, terms as e occur in the 
roblems. | 1 
This globe has the hou dards of 
hn and water laid down upon it, the 
countries and kingdoms divided by 
dots, and coloured to diſtinguiſh them, 
the iſlands properly ſituated, the rivers 
and principal towns inſerted, as they 
have been aſcertained upon the earth 
by meaſurement and obſervation. - a 3 
1 „„ | The 
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Anh and meridians, are laid 
upon the globe in the manner already 


deſcribed. The ecliptie is divided into 
12 ſigns, and each fign into 30 de- 


grees, which are generally ſubdivided 


into halves, and into quarters if the 


globe is large. Each tropit is 23+ de- 

= from the equator; and each 
circle 234 degrees from its reſpe 

tive pole. Circles are drawn parallel 


to the equator, at every ten degrees 


diſtance from it on each ſide to the 
Wm : - theſe circles are called parallels 
of latitude. On large globes there are 
circles drawn perpendicularly throu gh 
every tenth degree of the equator, in- 
terſecting 08d other at the poles: but 


on globes of or under a foot eee t 


they are only drawn through ev 
fifteenth degree of the equator; the © 
circles are generally called I 


ſometimes circles of longit rude, + | at o- 


ther times hour-circles.. 


The globe is hung in 4 uud ring, | 


5 called the braſen meridian; and turns 
upon a wire in each pole ſunk half its 


thickneſs into one ſide of the meridian 
ring; by which means, that fide of the 


Fer aner the globe into two equal 


"ns 


The equator, ecliptic, tropics, polar 5 


24 | 
parts, called the egſtern and weſtern be. : 


22 Heavens ond the Barth. 


3 ; as the equator divides it into 


two equal parts, called the northern 
and ſouthern 1 This ring is 


divided into 360 equal parts or degrees, 
on the ſide wherein the ee 
globe turns. One half of theſe degrees 
are numbered, and reckoned, — = 
equator to the where they end 


7 3 their uſe 18 to ſhew the latitudes 


es. The degrees on the other 


half of the meridian ring, are — 


bered from the poles to the eq 
tor, where they end at 90: Wr 4 


is to ſhew how to elevate either the 


north or ſouth pole above the horizon, 
according to the. latitude of we ow 


place, as it is north or ſouth « 


equator. . i 
The braſen meridian 18 let i into two 
"notches: made in a broad flat ring, 
called the wooden horizon, the upper 
ſurſce of w hich divides the globe into 
equal parts, called the per and lower 


bemiſpberes. One notch is in the north 


of the horizon, and the other 


in the ſouth. On this horizon are 


ſeveral concentric circles, which con- 


taim the months and da ys of the year, 


the * and degrees bees the 


ſun 8 


A 


- ting the 


» 


ſun's place; for, each month. W a. day; 6 


be done here there is only 
circle: ined: to the outer edge e 
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points of the compaſs.— 
ated a Gde of the braſs me- 


The gra me- 11 
1 lies towards the eaſt ſide of the = '\ 


horizon, and ſhould be 


gene ke 
toward the N — pe 


On who ures | row many | 


f by the globes. 1 


There is e 6 


at 10 


rrary 
fixed to the north part of the braſen 


meridian; that the wire in the north 
Pole of the globe is in the center of 
that circle ; and on the wire is an 
indtæ, Which goes over all the 24 hours 
of the circle, as the globe is ee 
round its axis. Sometimes there are 
two horary circles, one between each 


pole of the globe and the braſen m- 
ridian: which is the contrivance of the  - + [1 


ious Mr. Harris, maſter of 
the aſſay- office in the Tower of Lon- 
don; and makes it very convenien po 
for putting the poles of. the globe | 

through the horizon, and for eleva- 1 


pole to ſmall latitudes and 8 
declinations of the ſun: which cannot Bs 
one horary | 


There is a "el dip of bras; called 
e quadrant of altitude, which is divid- 
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ed into 90 oal parts W 
anſwering _—_ to ſo many degrees 


of the * 1 18 — fixed 


) 


3 


to the uppermoſt point of the braſen 


meridian by a nut and ſerew. The 
diviſions end at the nut, and the 1 
drant 1 is turned round upon it. 
As the globe has been ſeen by moſt 

people, and upon the figure of which, 
in a plate, neither the 1 nor coun- 
tries can be properly expreſſed, we 
judge it 8 197 —— nts to re. 
fer to a figure of it ; and ſhall therefore 
only give ſome directions how to 
. a globe. and Neger deſeribe -i its 


1. See that che papers be! weld. and 


„ neatly paſted on the globes, which you 


may know, if the lines and circles 
thereon meet exactly, and continue 
all the way even and whole; the. cir- 
cles not breaking into ſeveral arches, 
nor the papers either coming ſhort, 
or lapping over one another. * _ 

2. See that the colours be tranſpa- 
rent, and not laid too thick upon the 
globe to hide the names of places. 

See that the globe hang evenly 
between the braſen N and the 
if Cw "wooden 
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wooden horizon; not. inclining either 
to one ſide or to the other. - 

4. See that the globe be as cloſe to 
the horizon and meridian as it conve- 
niently may; otherwiſe, you will be 
too much puzzled to find againſt 

what part of the globe any degree of 
the meridian or horizon is. 


. See that the equinoctial line be 


1 even with the horizon all around, when 


the north or ſouth pole is cleyated 96 
: * above the horizon. 

6. See that the equinoctial line cuts 
the horizon in the eaſt and weſt points, 
in all elevations of the por: from oto 
90 degrees. 

7. See that the degree of the Vila 
meridian marked with o, be exactly 
over the equinoctial line of the globe. 

8. See that there be exactly half of 
the braſen meridian above the horizon ; 
which you may know, if you bring 
any of the decimal diviſions on the 

' meridian to the north point of the 

horizon, and find their complement to 
9o in the ſouth point. 5 

. See that when the qu uadrant of ; 

altitude is placed as far fen the 5 2 
tor, on the braſen meridian, as the 
1 elevated above the horizon, he 


"SS. | beginning 
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nning of the. degrees of; the qua- 
23 Teaches juſt to the plane ſurface 
of the horizon. ; 

10. See that hüt the index of the 
| hour-circle (by the motion of the 
globe) paſſes from one hour to another, 
15 degrees of the equator paſs under 


the graduated edge of the braſen me. * 


ridian. 
. 'See that the W horizon be 
made ſubſtantial and ſtrong; it 
generally obſerved, that in moſt globes, 
the horizon is the, firſt part that fails, 
on account of its having been made | 
$00 flight. - 
In uſing the 5 keep the caſt ade 
of the horizon towards you (unleſs | 
your problem requires —= turning 
of it) which ſide you may know by 
the word Eaſt u the horizon; for 
then you have raduated fide of 
the meridian 3 vou, the qua- 
_drant of altitude before you, and the 
globe divided exactly into two equal 
Bats, ts, by the a fide of the meri- © 
dian. | 
; In Aeg ſome | problems, it will 
be neceſſary to turn — whole globe 
and horizon about, that you may 1 
on the welt ſide thereof; which turning 


will. 


bak ” — 


of the Heavens an the Barth. | | 
will be apt to jog the ball ſo, as 


ſhift. away that degree of the globe 


which Was before ſet to the horizon or 
| meridian : to avoid which 1 inconveni- 
ence, you may thruſt in the feather- 
end of a quill between the ball of the 


globe and the braſen meridian; cy, | 


without hurting. the ball, will ke 
from turning in the meridian, WEAR 


you turn the weſt fide of THe: horizon | 


towa rds vou. 


— 


ns} 


PROBLEM 5 


To 2 the * laid and 72 2 f 


e 2 gt ven Place. 99 the 8 be. 


Turn the lobe on its axis, until the 8 


: given place comes exactly under that 
graduated ſide of the razen meri- 


*The latitude. of a ls it ebenes from the Ga; | 


and is north or ſouth, as the place is north or ſouth of the 


equator. Thoſe who live at the equator have no latitude, be- | 


cauſe it is there that the latitude begins. 
+ The . of a place is the number of degrees (tec- 
koned upon the equator) that the meridian of the ſaid place is 
iſtant from the meridian of any other place from which we 
reckon, either eaſtward or weſtward, for 180 degrees, or half 


round the globe. The Engliſh reckon the longitude from the 


meridian of London, and the French now reckon it from the 
' meridian of Paris, The meridian of that place, from which 
the longitude is . reckoned, is called the ß meridian. The 


places upon this meridian have no N becauſe * chere 
| that Spoons. ng begins, 


. dian, 
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The longitude and latitude of a 


dian, on which the degrees are num- 
bered from the equator ; and obſerve 
what degree of the meridian the place 
then lies under ; which. is its latitude, 
north or ſouth, as the place is north 
or ſouth of the equator. . 
The globe remaining in this poſition, 
the degree of the equator, which is 
under the braſen meridian, is the lon- 
gitude of the place (from the meridian 
of London on the Engliſh globes) which 
is eaſt or weſt, as the place lies on the 


eaſt or weſt ſide of the firſt meridian of 
the globe.— All the Atlantic Ocean, and 


America, is on the weſt ſide of the me- 


ridian of London; and the greateſt part 


of Europe, and of Africa, together with 
all 4a, is on the caſt ſide of the me- 
ridian of London, which is reckoned the 
firſt meridian of the globe by the En- 
gliſb geographers and aſtronomers, 


Axes ore being 
given, to find that place on the globe. 

Look for the given longitude in the 
equator (counting it eaſtward or weſt- 


ward from the firſt meridian, as it is 


mentioned 


Oo the Heavens and the Earth. 


| mentioned to be eaſt or weſt; and 


bring the point of longitude in the 
purine to the braſen meridian, on 


that ſide which is above the Guth 
int of the horizon: then count 


Tom the equator, on the braſen me- 
ridian to the degree of che given lati- 


tude, towards the north or ſouth ER 


according as the latitude is nort 


ſouth; and under that degree of lati- 
tude on the meridian, ct will Have the 


ny 4 


» R 0 B L E N m. a 
To find the d; 5 of longitude, or > die 


rence of latitude, H#erwwern any to 


5 n ee pg 


Bring each of theſe is to the "SIR 
ſen meridian, and ſee what its latitude | 
is: the leſſer latitude ſubtracted from 


the greater, if both places are on the 


ſame ſide of the equator, or both lati- 


tudes added to oge er, if they are on 
different ſides of it, is the difference of 


latitude required. And the number 
of png tr contained between theſe pla, 
ces rekoned on the equator, when they 
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hour, and one degree 
minutes. 


the Heavens and the Barth. 


are n ſeparately nden the) A. 
ſen meridian, is their difference of 
gitude; if it be leſs than 180: hut 


if more, let it be ſubtracted from 360, 
and the remainder is the difference of 


longitude required. Or, | 

Having brought one of the places : 
to the braſen meridian, and ſet the 
hour-index to XII, turn the globe un- 
til the other place comes to the braſen 


meridian, and the number of hours 


and parts of an hour, paſt over by the 
index, will give the longitude in time; 


which may be eaſily reduced to de- 


grees, by allowing 15 e for qt 
or every 


N. B. Win we FIC. o bringing 1 
any place to the braſen meridian, it is 


the ee ſide of the e 25 


1s meant. 


PROBLEM. Tv. 


Any place being gives, to find all 105 


Places that baue the ſame TERED or 
latitude with „ 


Bring the given ie to Uther braſen 


| meridian, * all _ places which 


he 


of the Hewes ond the Eurrb. 
lie under that fide. of the Weid 


from pole to pole, have the ſame lon- 
ude with the given place. Turn 


che globe round its axis, and all thoſe 
places which paſs under the ſame de- 
gree of the meridian that the given 
place does, have the ſame latitude 
With that place. 85 


Since all latitudes are e 


the equator, and all Jongitudes are 
reckoned from the firſt meridian, it is 


evident, that the point of the equator 
which is cut by the firſt meridian, 
has neter latitude nor longitude.— 


The greateſt latitude is 90 degrees, be- 


cauſe no place is more 90 de 
from the equator. And the greateſt 
longitude is 180 degrees, becauſe no 
place is more than Ibo" degrees From 
the Sale: — 


o 
" 
re 
| 33 | 
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9 7 ROBLEM: v. 


ae ® anteci; +. periexi,. GY 
+ antipodes, LA any given place. r 


Bing the given place to the braſen 
meridian, and having found its lati- 
tude, keep the 15 in that ſituation, 
and count the ſame number of degrees 
of latitude from the equator towards 
the contrary pole, and where the reck- 


The anetci-are Gadd tothe on the 3 
and in equal latitudes, on different fides of the equator, Being 
| pu the ſame meridian, they have the ſame hours; that is, when 

1 the one, it is alſo noon to the other; and when it is 

ht to the one, it is alſo mid-night to the other, cc. Be- 

2 ifferent ſides of the equator, they have different or 
2 the ſame time; the length of any day to the 
one is equal to the length of the night of that day to 9 * 
ay” have equal elevations of the different poles, 

* The periæei are thoſe people who live on the ſame 55 
of latitude, but on oppoſite meridians : ſo that thoug their 
latitude be the ſame, their longitude differs 180 degrees: 'By 
being in the ſame latitude, they have equal elevations of the 
ſame pole (for the elevation of the pole is always equal tothe 
latitude of the place) the ſame length of days or nights, and 
the ſame ſeaſons. But being on oppoſite meridians, when it 
is noon to the one, it is mid- night to the other. | 

4 The antipodes are thoſe who live diametrically oppoſite to 
one another upon the globe, ſtanding with feet towards feet, 
on oppofite meridians and parallels, Being on oppoſite fides of 
the equator, they have oppoſite ſeaſons, winter to one, when it 
is ſummer to the other; being equally diſtant from the equator, 
they have the contrary poles equally elevated above the horizon; 
being on oppoſite meridians, When it is noon to the one, it 
muſt be midnight to the other; and as the ſun recedes from 
the one when he approaches.to the other, the length of the day 
to one muſt be equal to the N * night at the fame 
time to the other, : 


\ : ; F 


oning 


oning ends, you have the antæci of the 


given place upon the globe. Thoſe 
who live at the equator have no antæci. 
The globe remaining in the ſame 


poſition, ſet the hour-index to the 


upper XII on the horary circle, and 
turn the globe until the index comes 
to the lower XII; then, the place 
which lies under the meridian, in the 
ſame latitude with the given place, 
is the periæri required. Thoſe who 


live at the poles have no periæci. 


As the globe now ſtands (with the 
index at the lower XII) the antipodes 
of the given place will be under the 


ſame point of the braſen mendian 


where its antæci ſtood before. Every 
place upon the globe has its antipodes. 


PROBLEM VI. 
To of; 


qi, places on the globe | 


Lay the graduated edge of the qua- 


drant of altitude over both the places, 
and count the number of degrees inter- 
cepted between them on the quadrant; 


then _— y theſe degrees by 60, and 


the produt 


2 { the diſtance between any two | 


will give the diſtance in 
„ö Rn. 
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n Ane : but to gd pike : 
San in Eng liſh 1 multiply YT 
the degrees by 895. and the product 
will be the number of miles re- 
quired. Or, take the diſtance be- 
twixt any two places with a pair of 
compaſſes, and apply that extent to the 
equator; the number of degrees, inter- 
cepted between the points of the com- 
paſſes, is the diſtance in degrees of a 
great circle“; which may be reduced 
either to 7 * or to En- 
gliſh miles, as a Ce 


| Gre circle an 1. Any cle tht dries the Yobs in tw equal parts, f | 


eat circle, as the equator or meridian, Any circle 
that r thy the globe into.two unequal parts (which every pa- 


Leſſer circle. rallel of — does) is called a leſſer circle, Now, as every 


circle, whether great or ſmall, n and a 
degree upon the equator or meridian 60 geographical 
miles, it is evident, that a degree of longitude upon the equa- 
tor, is longer than a degree of longitude upon any parallel of 
latitude, and muſt therefore contain a greater number of miles. 
So that, although all the degrees of latitude are equally long 
upon an artificial globe (though not preciſely ſo upon the earth 
jtſelf) yet the degrees of longitude decreaſe in length, as the 
latitude increafes, but not in the ſame proportion. The fol- 
lowing table ſhews-the length of a degree of longitude, in geo- 
graphical miles, and hundredth parts of a mile, for every de- 
| gree of Jatitude, from the equator to the poles : 2 Nt on the 
. das 60 ä | 
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Rn Th 


Ape, the globe being 
1 rom any other 4.4 70 _ all 
the o 2 ane upon the globe which 
are ut. Ras. a I 10 5 Li 


5 nee en e t to \ the draſen 


meridian, and ſerew- the quadrant to 
the i ans direct! y er that place; 


then keeping the allah) in that poſition, 

turn heel adrant quite round u 

it, and * ee of the quadrant 

that —.— the . — Place, will paſs 

Oder all the other places which are e- 

= diſtant with. it from the given 
age hs 


1 and the other foot 3 to 
the ſecond place, whoſe. diſtance is 
'known; for if the compaſſes be then 
turned round the firſt place as a cen- 
ter, the moving foot will go over all 
thoſe places which are at the fame dif 
tance bis Fo "_—_ t it. 111 
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PROBLEM VIII. 


The 13 of the * at place 1 given, 
"DING find all thoſe MEER re it is noon at 
that time 


Bring the dion ls to the bra- 
ſen — and ſet the index to 
the given hour; this done, turn the 
) ma until the index points to the 


Of the Heimens and the Kur, 


upper XII, and then, all the places 
that lie under the 'braſen UTI 
have noon at that time, 
N. B. The uppe XII always tan 

7 for noon ; and when the bringing of 
any place to the braſen meridian is 
mentioned, the fide of that meridian 
on which the degrees are reckoned 
from the equator is meant, NOS che 
ne fi be mentioned. 


| PROBLEM. 2 


4 1 4 IE 9 5 $5 . 
The P of thei: | 


given, to find w gl n i 
w 43 other e „ 5 f 1 ; _— 

Bring the given place t to 5 thi date 
W and ſet the index to the g 
hour; then turn the globe, un the 
place where the hour is required comes 
to the meridian, and the index * 
N out the hour at that ah AER 
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y at OY - l Lox 4 43 5 


ale on — horizon fo th OE 


2 and right againſt it you have che 
degree of the ſign in w. the ſun 


is (or his place) on that day at noon. 


Find the ſame degree of that ſign in 
the ecliptic line upon the globe, and 


* 


having brought it to the braſen meri- 


dian, obſerve hat degree of the meri- 
dian ſtands over it; for that is the 
fun 8 1 reckoned from the 
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The dey of the month being ee cob: fo 
f the ear over whieb 


Find the ſun's 1 in the 8 | 


for the given day, and having brought 


e The ſun's declinationis his diſtance from the equinoQial in 
WF ok and is north of ſouth, as the ſun ” between: Tho equi- 
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8 EM 


+ Up of the Dre Olive. 


ie te we brafen meridian, hes what b 


of the meridian is over it; then 


turning the globe round its axis, all 
paſs under that 


thoſe places Which 
point of the meridian, are the 


required: fer as their latitude is equal, 
in degrees and parts of a degree, to the 


_farr's declination, the fun muſt be di- 


rectly over head: TOUTE of thorn 48. | 


Ee noon. 


NN ; 


5 PROBLEM. XI. 


2 


4 4 plc 8 ven in the * . _—_ - 


te fond" theſe two day: of the y 
nich the Sun 8 be vert 


"ie. 


Bring . wen place 
meridian, and mark the de egree of lati- 
tude that is exactly ovt on the me- 


W, "Fn Tor "the N * its 3 


W n V 5 
or 234. on each fide of the - 


tropics, ndl, 47 degrees in breadth, 
equator 2 the tewperate zones lie berween the tropics and polar- 


| circles, or from 23 degrees of latitude, to 662, aneh 5 


of be pete and are each 43 degrees'in brine? the frigi 


zones are the ſPaces included within. the polar circles, . 
being each 2 32 degrees from their reſpeRive poles, the breadth | 
of each of theſe zones is 47 degrees, As the ſun never goes 
- without the tropics, he muſt namen be ven — ap 4 


WE = ae the torrid zone, . 
1 So, axis, 
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The 99 of the noh 0 3 


190 axis, and obſerve. the. two two. degrees of 5 


the ecliptic which paſs 3 under 
that degree of latitude: laſtly, find on 

the wooden horizon, the two days of 
the year in which the ſun is in Roſs 


degrees of the ecliptic, and they are te 


dap required: for on them, and none 


the ſun's. declination 1 18 en to 


the latitude of the given place: and 
conſequently, he will n HOI 7 
to i 9 90 Y 


* 


ROB LE M xi. 


nate theſe e rigid 
Zone, ag 2 ſun begins to 72 
_ Tonſtanth without ſetting, on any given 
8 2% of March, 1 n 
234 nen vs eee ah 


on theſe t days, the PA,” is in the | 
equinoctial, an leben the globe 
exactly from pol le: therefore, 


as the earth 4 ——. its axis, which 
terminates in the poles, every place 


upon it will go equally through the 


5 light and the dark, and ſo make equal 


day and night to all places of the earth. 


But as the ſun declines from the 
equator, - towards. either pole, he will - 
ſhine 


IS 


pole, as are N to his dcelipation 2 


from the equator; ſo that no place 


within that diſtance of the pole will 
then go through any part of the dark, 
and conſequently the ſun will not ſet 


. to it. Now, as the ſun's declination. 
is northward, from the 2 1ſt of March 
to the 23d of September, he muſt 


conſtantly ſhine round the north pole 
all that time; and on the day that he 
is in the northern m g e - ſhines 
id zone; ſo 
that no place within he” north polar 
art of the | 


upon. the whole north 


circle s through an 
Ss 5 


There dre, 


Having brought the ſun's place for . 


the given day to the brazen meridian, 


and found his declination (by Prob. 
IX.) count as many 2 on the 


meridian, from the north pole, as 


equal to the ſun's declination from the 
equator, and mark that degree from 
the pole where the reckoning ends: 5 


then, turning the globe round its axis, 
obſerve what places in the north frigid” 


Zone paſs directly under that mark; | 


for they are the places required, 


The like may for the- ſouth 5 
F ge: Zone, frog the 2 zl of — =, 


* ; 
| 
45 
fate 
* 


of the 
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wo * e 5 
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be in the ſouthern hemiſphere elevate 


the ſouth. pole accordingly ; and bring 


the ſaid place to the br en meridian. 


Then, all thoſe places which are in the 


weſtern ſemicircle of the horizon, have 
the ſun riſing to them at that time; 
and thoſe in the eaſtern ſemici rele have 
it ſetting: to thoſe under the upper 

ſemicircle of the braſs meridian, it is 
noon; and to thoſe under the lower 

> ſemicircle, it is -mid-night. All thoſe 


places which are above the horizon. 
are enlightened by the fun, and have 


the ſun juſt as many degrees above 

them, as they themſelves are above 

the horizon; bd this height may be 

| known, | by fixing the quadrant. of 
altitude on the brazen meridian 

'-_ the place to which the ſan is vertical; | 
and then, laying it over any other : 


place, obſerve what number of de rees 


on the quadrant- are intercepted be- 
tween the ſaid place and the horizon. 
In all thoſe places that are 18 degrees 
below the weſtern ſemicircle of the 


horizon, the morning twilight is juſt 


beginning; in all thoſe places that 
are 18 d s below the eaſtern 
ſemicircle of the horizon, the evening 


: twill ight is ending; "and all thoſe places . 


that 


— 


5 The day wy? boar” of lunar e 105 ; 


. 9% of the Terre 


. are lower than 1 5 
_ dark night. . Uh 

If any place be bre to phe upper 
ſemicirele of the braſen meridian, à 5 
the hour- index be ſet to the upper 
XI or noon, and then the globe be 
turned round eaſtward on its axis; 
when the place comes to the weſtern 
ſemieircle of the horizon, the inden 
will ſhew the time of ſun· riſing at that 
place; and when the ſame place comes 
to the eaſtern ſemicircle of the horizon, 
.the index will ſhew: the time of ſun fet. 

To thoſe places which do-not' go 


1 the horizon, the ſun ſets e 


that day: and te thoſe which: do not 


come —_ it, the ſun ders not HG... 


3 


PROBLEM. XVI, 


2 


3 3 to find all thoſe places 9 55 5 
_ earth ro e it 47 be OE: 


The moon i is never i lied but mink 


* is full, and ſo directly oppoſite to 
1 ſun, that the earth's ſhadow. falls 


n her. Therefore, whatever place 
the earth the ſun is vertical to at 


: that time, the moon muſt be vertical I 


1 . 
. 


_ the fun = 
other... 8 8 8 . 


be then viſible to: one half 
$436 . 


— "Find the "i to ubich Eo fan 0 
5 N e at the gixen hour (by Prob. 


V. )velevate the pole to the latitude 
s „ bring the plan to > 


= I to all TO . 
of the globe which; are above the parts 
zon, the moon will be viſible. to all 


choſe parts 


of. the. 0e 


5. low it, at the time of her greateſt ob- | 


ſcuration 
But with 


2 * £ 
1 Y : 2 
raden % Pye 
. 72 — * 


ard to an e ae 


bun, there is no ſuch thing as ſhewing 
to what places it will be viſible, with 
any degree of certainty, by a common 
globe; becauſe the moon's ſhadow oo 
vers but a ſmall portion of the-earth's 
ſurface, and her latitude, or declina- 
tion from the ecliptic, throws her ſha- 


dow. ſo vari 


fly upon the earth, that 


to determine the places on which it 
falls, — _ 1 bad: 10 Ling 


; PROBLEM 
5 


Foe, / 5 
: * 
Nn = 
4 Wr 
& \ 
: * * * 
4 . 
oy 4s £3 
PID 


a ro ; 
globe for TRY latitude, 
| Zenith, ard the ſun's \ Place, 


* + N, 1 * 15 5 
2 W 5 x ; N & WF WA K-44 5 


d che Latitode c 
J.) and if che place be in the wr. WE 
| therh hemiſphere, raiſe the h Bm. 
_ above the north point of the hotizon, - .; 
2s mary degrees {counted” from ths ä 
2 pot upon tlie brafen' meridian} as ate 77% 
aal te the Eitucde of the place. If 1 
WW | lace be in the ſobthern Hernif- Pn 
phere, raiſe the fouth bove the 
b Peihe oF the Meth, LL EE 
as are equal tc the latitude. OO 
„turn the globe till the plane 


Fi. 
Un 


- comes un der its Tatitgde on the hrafen e 
meridian, and faſten the quadrant f | 
_ altitade 15, thar the chamferes feof „ 
| its nat (which is even with the gr ee 


— „ - 8 8 
Shire” + r * 


— 
n 


— 


£.. + 


24 medledye) may be 5 the Penh, Ne 
or point of Eettuds This dene, bring - „ 
_ the fun's Place in the ecliptic for te 


> Sol 


* 


» 
93 
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„ „The bs ja this walt; Un e pole , s | 
meridian above the horizori ; but in the proper ſenſ e, it is tht 
„C any” given piace, I 
FEE | | 


K 


The 17 of the Te elne 


and ſet the W to XII at noon,” 
which 1 18 ads e e XII. on th: 


Qiified. 


." The latitude my any Ne; is EN ; 
to the elevation of the neareſt pole of 
gs aa) above the horizon of that 
à and the poles of the heaven are 
; etl over the poles of the earth, 
f = 90 degrees from the equinoctial 
line. Let us be upon what place of the 
earth we will, if the limits of aur vier 
* not intercepted by hills, we ſhall 
ſee one half $i the heaven; or go de- 
grees. every way round, . from that 
oint hes 115 over our heads. There- 
' fore, if we were upon the uator, 
the poles of the heaven would lie in 
our n, or limit of gur view; if 
we go 5 the e towards either 
; _ or ann, the earth, Rs 3 — 5 
| ndin the heaven riſin 
gradually of ul our horizon, juſt 5 5 
many degrees as we have gone from 
the 3 and if we werg at either 
of the carth's poles, the corſponding 
pole of the heaven would be hg 
over our head. Conſequently, the 
elevation or height of the pole in de- 
| os abqve the horizon,” 18 equal to 


the 


2 8 


F the wn of W chat the place 
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PR OBLEM XVI. 


| 1 | Ne latitude fa any 8 nor exceeding | 
| -®. 66x \degrees, and the day of tbe 
month, — to find the time 
If ſun-rifing and ſetting and IN | 
e —_— «As w_ an 1 


Haring rectißed the globo for hs 9 

5 — and for the ſun s place on the £7 

| * (as directed in the preced- 

8 — 7 em) bring the ſun's . in 

the ecliptic to the eaſtern ſide of the 

horizon, and the hour- index will ſhew r? 

the time of ſun- riſing; then turn the 

globe on its axis, until the ſun's ] 0 — 

comes to the weſtern ſide of the 1 

.  zon, and the index e ſhew thet fime 

| of ſun-ſett1 $557 | 5 
The hour 55 eg doubled, d 

give the length of the day; and the —_—_ 
our of ſun-riſing doubled, n e ü fl! 

length. of the mega. FR; al OO 1 

A 1 latitude 5 is md wits 


the frigid zones : and to thoſe places the the ſun does not info: ; 
mer, for à certain number of nn N We 
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135 PROBLEM. *. 


The latitude of any Plate, and the day 

E 8 22 8 
the morning twilight begins, and be 
ne lee ends, af, © that . 


| This problem is —— for, 


below the ene the e con- 
tinues the whole night; and for 
ſeveral 


nights er in ſummer, 
between 40 and 667 es of latitude: 
the greater is 
the number of theſe nights. But when 


it does begin and end, the following 
met hod wal: ſhew'the: time for any 


the globe, and being ue 


ſan's rake in theecliptic to the eaſtern 


5 ſide of the horizon; then mark that 
point of the ecliptic With chalk Which 
- chat ha mee. the horizon, it 


ſite to the ſun's 
. 


place: this done, 


The Uſa of the Freretrial Globe. 


and the index will point out the * 
_ when the morning twilight begins: for 
the ſun's. place will then be 18 degrees 
r the eaſtern ſide of the horizon. 
Fo find the time when the evening 
5 — ends, bring the ſun's place to 
the weſtern, fide of the horizon, and 
the point oppſite to it. which, was mar- 
led with the chalk, will be riſing in 
the eat: then, bring the quadrant 
over that point, and keeping it thereon, 
turn the globe weſtward, until the 
faid point be 18 degrees above the 
horizon on the quadrant, and the 
index will ſhew eee when, the 
_ evening twilight ends; the ſun's, place 


being then 18 en ee we tern 
e ho 1 


PROBLEM 1 


. 4 fo ud on 3 405 ks year: * | 
3 gins to ſhine. ene, enen b 

on any gien place in the north frigid 

e, eee eee e todo fo. : 


Roctify the globe to-the latitude of 
4 » and turn it about until 
OE 3 of the ee be nj 
„  morth. 


5 


54 


e Uſe of the Terreſtrial Ole. 


north point of the horizon. where wwe 8 
braſen meridian cuts it: then find, on 


the wooden horizon, what day of. the 
year the ſun is in that point of the 


ecliptic; for that is the day on which 
the fun begins to ſhine conſtantly on 
the given place, without ſetting. This 
r= turn the globe until ſome point 
of the ecliptic, between Cancer and 


Libra, coincides with the north point 


of the horizon, where the braſen 


meridian cuts it; and find, on the 
wooden horizon, on what day the 


fun is in that point of the eclip- 
tic; which is the day that the ſun. 


leaves off conſtantly ſhming on the ſaid - 


place, and riſes and ſets to it as to o- 


_ I on the globe. The num-_ 


natural days, or compleat revo- 


Ported of the ſun about the earth, be- 
' _ tween the two days above. found; 18 


the time that the ſun keeps conſtantly 
above the horizon without ſetting : for 


all that portion of the ecliptic, which 


hes between the two points which in- 
terſect the horizon in the very north, 


never ſets below it: and there is juſt 


as much of the oppoſite part of the e- 
cliptic that never riſes; therefore, the 
Amt wan keep as lon 8 conſtantly 05 

1 


% 


. 905 9 the T erreftrial G TH 


the borzon in winter, as above it in 
ſummer. Þ * 
3 conſiders the globe, will 
find, that my laces of the earth do 
enjoy the benefit of the ſun, in 
. Ape of time, and are equally depriv- 
ed of it. For, the days and nights are 
"I hs ar long at the equator: 
| laces that have latitude, 
| — Pal at n time of the year are ex- 
actly equal to the nights at the _— 6 
ſite ſe; on. 85 


PROBLEM. XXI. 


To fond in Sh lum the fron 22 
conſtantly without. ſetting, for any 
length of time . than * 2 of our 
"02 ye and nights. 1 


85 "Pic: a point in-the . half 5 
many degrees from the beginnin 5 
Cancer (either toward Aries or Libra) 
as there are + natural days i in the time 
given; and bring that point to the 

north hide of the braſen meridian, on 


— The reaſon of this Limitation is, that 18 got our days and - 
nights make half a year, which is the longeſt time that the fun 1 
ſhines without ſetting, even at the poles of the earth. 

+ A natural day, contains the whole 24 Fours: an artificia] © 
vw the time that the ſun is above the hcrizon, + 
| | which 


which. the TRE are _—_—_ 8 5 


the pole towards the equator: then, 
keep the globe from turning on its ax- 
is, and the meridian up or down, 
until the foreſaid point of the ecliptic 
comes to the point of the hori- 
zon, and then, the elevation of the 
pale will apt el 5 
wn: '4 


PROBLEM XXL. 


The lati tude of a place, ot von, ng 66 
degrees, and the day of the month being 
. to find the Tar? amplitude, or 
int 1 pn he . ar 


Ie. 


as; the klebe, =p Wine 
ſun's place to the eaſtern ſide of the 
horizon; then obſerve what point of 
the compaſs. on the horizon ſtands 
a. bt WR the fun's place for that 
mplitude: at. 0 This. dane, 
50 the globe weſtward, until the 
fun's place comes to the weſtern fide 
of the horizon, and it. will cut the 
point of has a wes at * Or, 
you may count in 


Tr Lads the ea point, of the 
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horizon, to that point where the fun's 


place cuts it; and the ſetting amplitude, . 


from the weſt point of the horizon, t to 
| the ſun 8 N at ſetting. 


PROBLEM XXIII 


The lati tude, the ſi ſun s place, and his * 


altitude being e 5 to find the hour of 


_ the day, an ſun's azimuth, or 


number of Wap that be is di * from 


the meridian. 


Rectify the globe, and bring the 
ſun's place to. the given height u 


on the quadrant of altitude; on the 


eaſtern ' ide of the horizon, if the 
time be in the forenoon; or the 


weſtern fide, if it be in the afternoon : 
then, the index will ſhew the hour; 
and the number of degrees in the hori- 


2on, intercepted between the quadrant 


of altitude and the ſouth point, will be 


7 the ſun's true azimuth at that time. 
„ Always when the ere of 
alte is mentioned in working 
problem, the graduated ee of 1 18 
meant. 
If this be done at ſea, and compared 
with the ſun's azimuth, as: ſhewn by 


he ſun's altitude, at any time, is his ane above the bo- 
_ Fizonat that time, 


3 
- * 


Rx the 


die Ur of he Terreſtrial Globe. 


the compaſs, if they agree, the compaſs | 

NE _ place: but 
r, the compats does vary; 

and the variation is oqual to 85 . 


T ence. . 


PROBLEM XXIV. 


he Mrd, hour of the day, and the fan's "wg 


place, being given; to 1 rhe un 5 
altitude and azimuth. Ty 


Rectify the globe, and turn it until 
the index points to the given hour ; 


then lay the e of altitude over 
the fans in the ecliptic, and the 
degree of * 

place is his adde at that time above 


quadrant cut by he ſun's 


the horizon; and the degree of the 


Horizon cut by the quadrant is the 


ſun's azimuth, recko from the ſouth. ; 


PROBLEM. XXV. 


Te lutitude, the ſun's altitude, ated bis 
azimuth bein given; to find Vis place 
in the ecliptic, the day uf the month, 

and hour of the 40 e Ty had 
all been hft. 


0 wech the globe for the latitude = 


and 


\ 
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and“ zenith, and ſet the quadrant of 
altitude to the given azimuth in the 


horizon; keeping it there, turn the 
globe on its axis until the ecliptic cuts 
the quadrant in the given altitude: 
that point of the ecliptic which cuts 
the quadrant there, will be the ſun's 


place; and the day of the month an- 


wering thereto, will be found over 
the like place of the ſun on the wooden 
horizon. Keep the quadrant of al- 


titude in that poſition, and having 


brought the ſun's place to the braſen 
meridian, and the hour- index to XII at 
noon, turn back the globe, until the 
ſun's place cuts the quadrant of altitude 
again, and the index will ſhew the hour. 

Any two points of the ecliptic which 
are equi-diſtant from the beginning of 
Cancer or of. Capricorn, will have the 


ſame altitude and azimuth at the ſame 


hour, though the months be different ; 


and therefore it requires ſome care in 


this problem, not to miſtake both the 
month. and the day of the month; to 
avoid which, obſerve, that from the 
z0th of March to the 2ziſt of June, 
that part of the ecliptic which is 


* 


* By rectifyi the globe for the zenith, is meant ſcrewing 
the quadrant of alritudeto the given latitude on the braſs me- 
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between the beginning of | Aries and 
beginning of Cancer is to be uſed: 


from the 21ſt of June to the 23d of 


September, between the „ Dh w_ 


Cancer and beginning of Libra: 


the 23d of September to the 21ſt | 
of December, between the begin- 


ning of Libra and the beginning of 
Capricorn; and from the 21ſt of De- 


cember to the 20th of March, between 
the beginning of Capricorn and begin- 


ning of Aries. And as one can never 
be at a loſs to know in what quarter 
of the year he takes the ſun's altitude 


and azimuth, the above caution with 


regard to the quarters of the ecliptic, 


will keep him — as to the nn | 
and day thereof, 


PROBLEM XXVI. 


| 7 0 find the lngih of the Jongef day at any 


given 75 ace. 


11 the place be on the north ide of 
the equator (find its latitude by Prob. 


I.) and elevate the north to that lati- 


tude; then, bring the beginning of 


Cancer S to the braſen meridian, and 


ſet the hour-index to XII at noon. 
But if the given place be on the ſouth 
ide | 


7 


— 
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ſide of the equator, . elevate the. ſouth 


Pole to its latitude, and bring the be- 
ginning of Capricorn w to Ti braſs 


meridian, and the hour-index to XII. 
This done, turn the globe weſtward, 


until the beginning 0 Cancer or Ca- 
 pricorn(as the latitude is north or ſouth) 
comes to the horizon; and the index 


will then point out the time of ſun- 
ſetting, for it will have gone over all 


the ternoon hours, between mid- 
day and ſun-ſet; which length of time 
being doubled, will give the whole 
length of the day, from ſun-riſing to 
ſun-ſetting.. Tow. in all latitudes, the 


ſun riſes as us, before mid „ as he 


ſets after ĩt. 
P Y O B L EN M XXVII. 
2 0 find in what latitude the lngeft 40 


is of any given length le 1 ran 838 


e | 


If the latte 8 4 1 the 
beginning of Cancer to the braſen me- 


ridian, and elevate the north pole to 


about 66 degrees; but if the latitude 


be ſouth, bring the beginning of Ca- 
N to the meridian, and elevate 


X 3 1 the 


61 


62 


ou ts fi the Torii FIT 


the uth x pole to about 66; FAY 
becauſe the Je longeſt day in north lati- 
tude, is when the ſan is inthe firſt point 


of Cancer; and in ſouth latitude, when 


he is in the firſt point of Capricorn. 
Then ſet the hour-index to XII at noon, 
and turn the globe weſtward, until the 
index points ff Half the number of 
hours given; which done , keep the globe 
from turning on its axis, and ſlide the 


meridian down in the notches, until 


the aforeſaid point of the ed! iptic (viz. 


| Cancer or Gooriceen) comes to the ho- 


riaon; 1 the elevation of the . 


Oo 
* 
5 1 - 


PROBLEM xxvi. 


The lats rude of any place, not exceedi ng 


606. degrees being given; to find in 
what * climate the Place, ts. . 


Find the length of the longeſt a a 


at the given place by Prob. XXV 


4 Climate, from the equator to either of the pole Archos, 


0 Js a tract of the 'varth's ſurface; included between two ſuch 
. parallels of latitude, that the length of the longeſt day in the 


one exceedes that in the other by half an hourz' bur from the 
polar circles to the poles, where the ſun keeps along above the 
Horizon without ſetting, each climate differs a whole month 


from the one next toit. There are twenty-four climates be- 
| tween the equator and each of the polar circles ; and fix from 


each polar circle to its ea pole. 


and 


and whatever be the number of Hanes 


whereby it exceedeth twelve, r 
that number, and the ſum will 


the climate in Which the place is. 
PROBLEM NN. 
The latitude and the day of the month, be- 


ing gives 1 t Sud the „ of the gay 


when the ſun /hines. 


get the wooden horizon truly uad. 
and the braſen meridian due north 


and fauth by a mariner's comp 


then, having rectified the globe, ſtick | 
a ſmall ſewing- needle into the ſun's 


in the ecliptic, perpendicular 


to that ut of the ſarface of the 
globe: this done, turn the globe 


an its axis, until the needle comes 
to the braſen meridian, and ſet the 
hour-index to XII at noon ; then, 
turn the globe on its axis, until the 
needle points exactly towards the fun 
e ee it will do when it caſts no 


no 5 


| will (how the hour of the dr. 


X4 PROBLEM 


w on the globe) and the index 


6 , 


The 2 of the eat wes 5 


rROBLEN XXX. 


A pleaſant way of ſhewing all . Re | 
of the earth which are enlightened by 
the fun; and alſo the time * the day 


whey the ſun 2 


Take the terreſtrial ball e out- oy the 
wooden horizon, and alſo out of the 
braſen meridian; then ſet it upon a 
pedeſtal in ſun-ſhine, in ſuch a man. 
ner, that its north pole may point di- 
rectly towards the north pole of the 
heaven, and the meridian of the place 


— 


where you are be directly towards the 


ſouth. Then, the ſun will ſhine upon 


all the like places of the globe, that . 


he does on the real earth, riſing to 
ſome when he 1s ſetting to others; as 
you may perceive by that part where 
Fo enlightened half of the globe is di- 
vided from the half in the ſhade, by 
the boundary of the light and dark 
neſs: all thoſe places, on which the 
ſun ſhines, at any time, having day; 
and all thoſe, on which he does not 
ſhine, having ni 1 


If a narrow ip of r- be put 
rouge _— N ang ride 3 


24 equa] 


Ober vat t tions conc concerning. it, 5 


| 24 equal parts, beginning at the me- 
ridian of your place, and the hours be 
ſet to thoſe diviſions in ſuch a man- 


ner, that one of the VI's may be upon 


your meridian; the ſun being upon ; 
that meridian at noon, will then ſhine 
exactly to the two XITs;. and at one 


o'clock to the two I's, &c. So that 
the place, where the enlightened half 
of e globe 1 is parted Fn the ſhaded 


half, in this circle of AUG will ſhew. 


the hour of the da 27 
We ſhall here add the follewing TS 


ee on the Terreſtrial Globe, 
and then proceed to the Uſe of . 


Celeſtial Globe, S. 


1 The latitude of kla equal tn 


the elevation of t above the horizon 
of that place, and = elevation of the 
equator is equal to the complement of tbe 


latitude, that is, to what Wy latitude 5 


Wants of 90 degrees, 


| 2. Thoſ places which lie on ebe equater, 
Jo no latitude, it being there that the 


latitude begins ; and thoſe places which lie 


on the firſt meridian have no longitude, 
it ie bing there that the: longitude be 7 ns. 


Conſeguentiy, that ny 7 er place of tbe 


earth 


mn ca 


earth where e interſets 
the —_— * ane, W nor 
laritude. 


7 3. 22275 of the earth, except the 
ft nts of the compaſs m | 
— hed tn 7 the ese . | 

2 every place is ſouth ;, and from 

the 5 — 1 place 13 north. 

Therefore, as above 
por” a lege Joke mag py are 
its turn, be cannot be jaid to from 
the meridian of either pole for half a year 
together. . Conſoquently, at the north pole 
it may Ager to be noon every moment 
for balf a year; and let the winds blow 
from what part they will, they muſt 

always blow from the ſoutb; e at or 
| _ pole, from the north. — —_ | 


4. Becauſe one half of the lere is 
Moot bor120n of the pole, and the ſun, 
moon and planets, move in ¶ or nearly in) 
the ecliptic ; they will all riſe and ſet to 
the poles. But, becauſe" the flars never 
change their worry from the 1. 
at leaſt not in one age) t. 
Cbich —.— * | 
pole, never ſet below it; and thoſe Wich 
are once below it, never "” e 


5. All 5 


e 8 2 N n 4 „ 
N * 


5. A places of the earth db equally 
. e enefit " tbe un, in ee if 
time,” and are equally deprived it. 


6. Ml places upon the equator have 


their Jays and nights equally long, that 
is 12 hours each, at all times of the year. 


For although the ſun declines alteraatth, 
from the equator towards the north and 


Toward the ſouth, yet, as the horizon 0 
the equator "Tuts all the parallels of la ti- 
tude and declnation in halves, the fun 
muſt always continue above the horizon 

for one half of a diurnal revolution about 


the earth, and for the other half below it. 
5. When the ſur's declination ir greater 


than the latitude of any place, upon either 
fide of the equator, the ſun will come i mice 
to the azimuth or point of the compaſs in 
the forenoon at that place ; and twice to a 
like azimuth in the afternoon ; that is, he 
will go twice back every day, whilſt his 


declination continues to be greater than 


the latitude. Thur, ſuppoſe the globe 
reckiſied to the latitude. of Barbadoes, 
which is 13 degrees north; and the ſun 


to be any where in the ecliptic, between - 


of the quadrant - of altitude be ſet a- 


* 4 FEE — rc |. Wt $A op apes «ey, — — 
2 „F : — . e. — Ii © — 1 . — — 5 2 I . 8 * 4 
— EET Ao AS as he oh = - 2 ——_ . 2 — y 
- - . — oe ro W ol Ir, NL TIO FIR 8 4 o 
- = om inn ie nr Rr EE el bn Prong — — nnn 
4 Soar no ae (I . 4 — = 
—_ 5 
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Bout 


68 


elevations of the po 
(which is the greateſt} 
| Kr or equi noctial will WW ve the 


F 


Obſervations concerning the | 


bout. * 18 degrees north of the eaft in 


the - horizon, the ſun's place be mark- 
ed with a chalk upon the ecliptic, and 


the globe be then turned as on 


its axis, the ſaid mark will riſe in the 


horizon a little to the north of the qua- 
drant, and thence aſcending, it will croſs 
the quadrant towards the th J but be- 


5 it arrives at the meridian, it will . 
croſs the quadrant again, and paſs over 


the meridian northward of Bar badoes And 


if the quadrant be ſet about 18 „are. 


north of the weſt, the ſun's place will croſs 
it twice, as it end from the meridian 


er the borizon, i in the afternoon. 


8. all hos of the earth between 


| the equator and poles, the days and nights 
are equally long, VIZ. 11 hours each, when 


the fun is in thee 1 Fg in all 


0 degrees 
one 25 50 e 


rixon, and the other ha If Dow? ; 


9. The days and "nights are never of an 
3 length at any place between the e- 
quator and polan cle, but when the 


* From the middle of Gerini to the midll teac, the ; | 


fun 


; Am enters the be fens Y Aries and «= Libra. 
For in every other part of the ecliptic, 
the circle of the ſun's daily motion is di- 
vided into two unequal parts oy the borizon. 


10. The nearer that an placei is to the 
_ the leſs is the difference between 
length of the days and nights in that 

ps Gay ; and the more remote, the contra 
The circles which the ſun deſcribes in the 
heaven every 24 hours, being cut more 
nearly * 4 in the former „ and more 

unegualiy in the fatter. fo 


EET: 3 ts All Mad "ng upon any given 
parallel of 0 Ie 2 up long or 


5 23 any one of theft pla- 
ces, ime of the year, it is then of 
the de, eee. at all ther reſt ; for in turn- 

ing the globe round its axis (when recti- 

| fred according to the ſun's declination) all 
theſe r heb th will keep equall 9 = above 
the horizon. 5 | 


12. The ſun is wertical twice « a year's to 
e e between the tropics; to thoſe 
under the tropics, once a year, but never 
any where elſe. For, there can be no place 
between the tropics, but that there will be 
two pores in the ecli es hoſe declina- 


71 2 


ſ 


2 from the Yr is 3 en 
F that «cs e 


* one which has a declination equal 
to the latitude of places on the tropic ch 
that | oint of the ecliptic touches; and. n 
the fun never goes without the tropics, be 
can never be vertical to any _ _ 
888 wichout n eee 0 


4 all places in | the # r Zone, 
fon ration of the tæviligbt is leaſt, becauſe 
the ſun's daily motion is * moſt 9 7 1 

dicular to the horizon. In the fri 400 
Zones, greateſt; hone the ſun 2 ** 
morian is nearly parallel to t n | 
and therefore he is the longer of getting 
| 2 it (tall A the 
twihght always continues.) And in the 1 
te te zones it is at a medium between 
the wo, becauſe Oey dg Zu 12 
daily motion is 1558 6 


14. " In all places FORD capt tow 
the polar circles, the ſun, when he is in 


the " neareſt tropic, continues 24 hours 
above the 4 without ſetting; — 
1 e 5 r 


n 1 the waphes. - | 
I + Between the polar circles and poles. _ 
1 Between the tropics and polar circles. 


horizon. 


| Tervefrial u. 2 71 
bovizn. And when the fun is in the : 
fartheft tropic, he is for the fame length 
of time "without riſing; becauſe 157 e 
of that tropic is above their horizo 
But, at all other times of the year, be 
riſes and ſets there, as in other 
dee all theciree that can be Hawn 
parallel to the equator, between the- tropics 
are more or kk cut by the horizon, as 
they are farther from, or nearer to, that 
tropec which is all above the horizon «+ and 
when the fan is not in either of the tropics, 
ren coſe a be u, . 
Fan | 


8 155. Tall glaser in the. e 
;{phere, from the equator to the polar 
<ircle, the longeſt day and ſhorteſt night 
it when the ſun is in the northern tropic ; 
ard the day and longeſt night 
ar ee outhern tropic ; 
| becaufe. no circle of thefur's daily mo 
ir ſo much above the horizon, and ſo little 
. below it. ar the nonthern tropic and none 
fo litur above it, and ſo much below it. 


. ** the A the contrary. 


| 16. el pl, dv ware. the: polar 
circles and poles, the ſun appears for 
you) number F days (or rather. diurnal 


revoluti ns) 


I 
wt 
W/ 


„ 


 Olfervations concerning 4. 


revolutions ) without ſetting ; Fn? at the 
oppoſite time of the year without riſing ; 
becauſe ſome part of the ecliptic never Jets 
in the former caſe, Find as, much of. the 
oppoſite part never riſes in the latter. 


And the nearer unto, or the more remote 
from the pole, theſe Places are, the 


longer or ſhorter is the ſun s continual 


mY ence or abſency. 3 


17. F a ſhip ſets out e any . 
* ſails round the earth eaſtward to 


the ſame port a gin, let her take what. 
time ſhe will 5 do it in, the people in 
that ſhip, in reckoning their time, will 


gain one compleat day at their return, or 


count one day more than thoſe. who reſide 
at the ſame port ; becauſe, by going con- 
trary to the fun” Ss diurnal motion, ' and be- 
ing forwarder every evening. than they 


were in the morning, their horizon wil, 


get Jo' much the ſooner. above the ſet- 


ting ſun, than if they had kept for 


a whole day at any particular place. 


And thus, boy cutting off a part pro- 
portionable 155 ory ou motion, from 


the length of they will gain a 
compleat 4 l * rt at their return; 
without gat 4 ng one moment of abſolute 
time more than is elapſed during their - 
Cour, r/e, 2 


\ . 8 


n — 


{ 


* Terreſtrial ou. , 
courſe, to Feb pr at the port. If they © 


| fail weſtward, they will reckon one day 
bf prod people do who refide at the. 
ſaid port, becauſe by gradually following 
the apparent diurnal motion of the ſun, 

they will keep him each particular day ſo 
much longer above their horizon, as Pha hu 
to that day's courſe; and by that _ 
they cut off a whole day in reckoning, at 


their return, without lofing one moment 
of abſolute: time. 


Hence, if two ſhi s ſhould ſet out WS 
ſame time from any 14 Th fail round 
the globe, one eaſtward and theother weſt- 

_ ward, foas to meet at the ſame port on 
any day whatever ; they will differ two 
days in reckoning their time at their 
return. If they ſail twice round the earth, 
they wil 775 four days; i, thrice, then 


e ee 


8 — 
4%; 
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THE USE OF THE ” 


CELESTIAL GLOBB, 


4 e 


. ö 


ARMILLARY SPHERE. 


No 
RAVING done for the preſent ? The i! 
JH with the terreſtial globe, we ſhall 
proceed to the uſe of the celeſtial; firſt 
premiſing that as the equator, ecliptic, 5 
tropics, polar circles, horizon, and 
braſen meridian, are exactly alike on 
both globes, all the former problems 
concerning the ſun are ſolved the ſame 
way by both globes. The method alſo To reQify 
of rectifying the celeſtial globe is the * 
ſame as fectifying the terreſtrial, viz. 
Elevate the pole according to the 
latitude of your place, then ſcrew the -_ 
8 of altitude to the zenith, on 
d braſs meridian; bring the ſuns 
Place in the ecliptic to the graduated 

edge of the braſs meridian, on the fide 
which is above the ſouth point of the 


„ wooden 


| 7 


af the year ſtands 


Latitude 


and lon 1 
tude of the 
lars. 


- 


* 
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wooden horizon, and ſet the hour- | 
inden to the uppermoſt XII, which | 
nnen, ens 


place for any day 
irectly over that 
day on the horizon of the celeſtial 
globe, as it does on that of the terreſ- 

The latitude and longitude of the 
ſtars, or of all other celeſtial phe- 


nomena, are reckoned in a very 


N. B. The ſun's 


different manner from the latitude and 


longitude of places on the earth: for 

terreſtrial latitudes are reckoned from 

the equator ; and longitudes fram the 
meridian of fome- remarkable place, 
as of London by the Engliſh, and. of 

Paris by the French; though moſt of 
the French maps begins their lon- 
gitnde at the DA of the iſland 
Ferro. — Bu t the aſtronomers of all 
nations agree in reckoning the latitudes 
of the moon, ſtars, planets, and comets, 
from the ecliptic; and their Jongitudes 
from the * eguinoctial colure, in that 


e great circle that paſſes throgh the equi- | 
uoctial points at the beginning of y and =, and 
through the poles, of the world (which are two 


oppoſite points, each go 5 from the equi- 


noctial) called the eguinoctial celure : and the great 


circle that paſſesthrough the beginning of S and vp 
is thy eee (1919 tt OYOOR el 12: 


3 
3 
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femicirlcle of it which cuts the e- | 
cliptic at the beginning of Aries V ä 
and thence eaſtward, Sits round, to 
the ſame ſemicircle again. Conſequent- 
ly thoſe ſtars which lie between the 
uinoctial _ the northern half 
the ech have north de- 
cine an Tönt latitude; thoſe 
which lie between the equinoctial and 
the ſouthern half of the ecliptic, have 
ſouth declination and north latitude; 
and all thoſe which lie between the 
ce and poles, have their decli- 
nations and latitudes of dhe fame 
donomination. " 5 | 
There are Ax krone Wr on the 
celeſtial globe, which cut the ecliptic 
Papen dy, and meet in two 
oppoſite points in the polar cireles; 
which points are each ninety degrees 
from the ecliptic, and are called its 
poles, Theſe polar points divide thoſe 
circles into 12 ſemicireles; which cut 
the ecliptic at the beginnings of the 
12 ſigns. They reſemble "2 many 
meridians on the terreſtrial'globe; and 
as all places which he under any par- 
ticular meridian ſemicircle. on that 


and alſo through the poles of the "clita: and 
Foles of the world, is called the Solftitial colure. 
T 


_— goue, 


/ 7 . 
N 
= 

1 
2 
F 


78. 


thoſe points of the heaven, th 
axe W have the ſame lon 


The Uo the Celeflial ell. 


globe, have the ſame, longitud io 0 


— | 
And as the greateſt 0456s og on- the 

earth are at the north and ſouth poles 
of the earth, ſo the greateſt latitudes, | 

any ra are at the north and 

poles o the ecliptic. e DUDES 

5 order to diſtinguiſh. the ſtars, 
with regard to their ſituations and 
olitions in the heaven, the antients 
liyided the whole viſible firmament 
of ſtars into particular ſyſtems, which 
they called conſtellations; and digeſted 
them into the forms of ſuch animals as 
are delineated upon the celeſtial globe. 
And thoſe ſtars which lie 3 the 
figures of thoſe imaginary animals, 
and could not be brought within the 
compaſs of any of them, WR: called 
ee 1 

Becauſe the moon and all the planets 


which any one of the above { 


were obſerved to move in circles or 


orbits which croſs the ec * i (or line 


of the ſun's path) at ſmall angles, and 


to be on the north ſide of the ecliptic 


for one half of their courſe round the 
heaven of ſtars, and on the ſouth ſide 


of! it for the other half, but never to 


go. 


Tp of the Clfiat Globes . 


go quite 8 8e from it on eithet 
fide, the ancients diſtinguiſned 3 
Ne ep by two leſſer circles; parallel ta 
tic (one on each fide ) ats 
3 from it. And che 
ace . between theſe circles, 
called the 2od:ac, becauſe moſt of 
the 12 conſtellations placed therein 
reſemble ſome living creat - Tts fg, &f 
| Theſe conſtellations are; 1. pp rhe Y diviſions 
te ram; 2 Taurus v the bull; 3. 
Gemini r, the twins; 4. Cancer S, the. 
erab; 5. Les S, the lion 6. Virgo . 
the virgin; 7. Libra =," the balance; 
8. Scorpio m; the ſcorpion; gi Sagita- 
rius 2, the areher; 10. Capricormus i. 
the goat; 11. Aquarius a, the water 
bearer ; and 12. Piſces x, the-fiſhes: 

It is to be obſerved, "that in the nens 
infancy of aſtronomy, theſe twelve 
e 3 een. the 
2 of the ecliptic, where the above 
characteriſtics wy marked - upon the 

; 2 de: but now, each conſtellation 
as 95 a whole ſign forwarder, on 
account of the receſſion of the equi- 
noctial points from their former places. 
So that the conſtellation of Aries, is now 
got into the former place of Taurus; that 


of Taurus, into the former placeof Ge- 
mint; and ſo on. VV 


* „ ee e Trworom: — - 
— — — * 1 ; — A 
— — —— e . — N 


The ſtars a of different mag- 
. to e, xrobably be 
they are at different diſtances from us. 
Thoſe which appear brighteſt and lar- 
geſt, are called fars of the fir 72 mag- 
nitude; the next to them in fize and 

luſtre, are called fars of the ſecond mag 
nitude;; and fo on to the fixth, which 
are the ſmalleſt. that can be diſcerned 
by the bare eye. : 

Some of 'the moft reivarkable fines 
have names given them, as Caſtor and 
Pollux in the heads of the Tuns, Sirius 
in the mouth of the Great Dog, 
Procyon in the fide of the Litile Dog. 
Rigel in the left foot of Orion, Arcturus 
near the right thigh of Bootes, &. 

Theſe things being premiſed, which 
I think are all that the young Tyro 
need be acquainted with, before he 
begins to work any probiem by this 
globe, we ſnall now proceed to the moſt 
uſeful of thoſe problems; omitting ſeve- 
ral which are of little or no conſe- 
quence. Y N 


PROBLE M 


3 * 902. 


rROBLEM I. 
To find the · ri gbr aſcenfion and + decli- 


nation of the fa, or 98 fixed far. = 3 
ng the ſun's ROD in the ecliptic | 


to the braſen Wia then that degree 


in the equinoctial which is cut by the 
meridian, is the ſun's right aſcenſion; 


and that degree of the meridian which 
is over the ſun's place, is his declination. 
N Bring any fixed ſtar to the meridian, 
and 155 ri 805 aſcenfion will be cut by the 
x meridian, in the equinoctial; and 
degree of the meridian that ſtands over 
1 declination. e e ee bk 


that right aſcenſion and Ae 8 
en the celeſtial globe, are found in the 
ſame manner as 0, cou . re weg 


on the terreſtrial. ee 


£ Aer att quinod Sis Srv An betas 
8 comes to the melee with the ſun or ſtar, Is its 


"+ Thedi hes of the fn br ftar in degrees from. ging 1 
noctial either of the poles, north or ſouth, is its de- 
clination, Which js north or ſouth 3 18 


\ 
AN 
\ 
4 


4 14 4 : . 
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PROBLEM 


roper þ — turn the quadrant 


the is - its latitude; 2 
5 0 ecliptic cut by the qua- 
ch is the ſtar's it 


| The Uſe of the n : 


PROBLEM m. 


Wc) 0. rein the face of. the PET fo ; a- 
ment, as ſeen from any given place of 
= 8 e 


Regify "a celeſtial globe for 
the ven latitude, the 3 ; 
un's place, in every re 
as taught "by the 17th problem: 
for the terreſtrial; and turn * about, 
until the index points to the given 

hour: then, the h hemiſphere of 
the globe will repreſent the viſible 
= Fac the mp ef that woes all 
e upon the globe being in 
ſuch ſituations, as exactly correſpond 
to thoſe in the heaven. And if the 
lobe be placed duly north and ſouth, 
means of a ſea- compaſs, every 
ſtar on the globe will point toward the 
like ſtar, in the heaven: by. which 
means, the conſtellations and re- 
markable ſtars may be eaſily known, 
All thoſe ſtars which are in the eaſtern 
| fide of the heaven; all in the weſtern, 
are & une the weſtern fide; and all 
thoſe the 9 the bra- 


ſen 
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ſen meridian, between the gh point 
of the horizon and the north pole, are 


at their teſt altitude, if the latitude 
of the * be north: but if the lati- 
tude be ſouth, thoſe ſtars which lie 
under the e nk of the meridian, 
between the north point of the hori- 
zon and the ſouth pole, are at their 

greateſt altitude. 5 e 


rROBLE *. W. 


The latitudes of the plate, and 40 of the 


month, being given ; to find 2 time 
when any known flar will 2 or e 


1 the rdf or er. 


Having reftified the lobe, turn it 
about until the given comes to 


the eaſtern ſide of the horizon, and 


the index will ſhew the time of the 


ſtar's riſing ; then turn the globe weſt- 
ward, and when the ſtar comes to the 
braſen meridian, the index will ſhew 
the time of the ſtar's coming to 'the 
meridian of your place; laſtly, turn 
on, until the ſtar comes to the weſtern 
ſide of the horizon, and the index 
will ſhew the time of the ſtar's ſetting. 
ks B. In northern latitudes, 8 0m 
ars 


r 
ws | 
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ſtars which are leſs diſtant from the 

north pole, than the quantity of its 
elevation above the north point of 
the horizon, never ſet; and thoſe 
which are leſs diſtant from the ſouth 
pole, than the number of degrees by 
which it is depreſſed below the horizon, 


never riſe: and vice 1977 in ſouthern 
latitudes. ] | 


$ * - 
* « 


PROBLEM. * 


To FO what me of the year. a given 
far will be upon t meridian, at a 
Siven hour of t the . 


Bring the given ſtar to the upper 

ſemicircle of the braſs meridian, and 
ſet the index to the given hour; then 
turn the globe, until the index points 
to XII at noon, and the upper ſemi- 
circle of the meridian wi 2 55 eut 
the ſun's place, anſwering to the day 
of the year ſought 3 which day may be 
Fly 7 8 * againſt the like place of 
the fun among the 1 on the 
n horizon. 


4 "> 


PROBLEM 


hour 0 


. of the Celeftial hte. 


PROBLEM vi. 


The ne. dey of the month 3 
_ ny known ſtar being Pr 
d the bour 1 the night.” 


Having reftified the globe for the 
Won uy zenith, and ſun's place; lay 
the quadrant of altitude to the given 
degree of azimuth in the horizon ; 
then turn the globe on its w 
it the ftar 0 to the 
edge of the quadrant; an vihen 
, the 04 will dont out the 
f the night. | 


PROBLEM vi. 132 
The Jatitude of the hace, 7 day of the | 


it d 


month, and altitude + of any known 
Aar, being . z 70 fot the hour * 
be might. 110 


Rectefy the « be at the eb 
| problem, . gueſs at the hour of the 


. 
is from the meridian, either to the eaſt or weſt, is called its 


exzimuth, 


+ The number of degrees that the tar is above the horizon, 
1 means of-a common quadrant, is called its alti- - 


night, 


ih, mt turn the W 


at the ppoſed hour; 


1 ik oy the 1 > of the 


| foe an of altitude over the known 
and if the degree of the ftar's 
Hheigh ht in the pan upon the globe, 
anfwers ex eg 
pe ke altitude in the heayen, 


have gueſſed exactly: but if the hs es 
on the globe is r or lower than 
it was qbſerved to be in the heaven, 
turn the lobe ba or forwards, 
keeping the edge of the quadrant upon 
the far, until its center comes to the 
obſerved altitude in the quadrant ; and 


then, the index will ſhew the true time 


of the night. 
PROBL EM VII. 


4s „ meied foo” fuding tbe hour m= 


tze night by any known ftars, with. 


coul knowing, either their altitude or 


azimuth and then, of finding both 
their altitude and azimuth, ana 12 855 
the true meridian. 


Tie one end of 4 tad to a com 
mon muſket bullet; and, having ree- 

_ tified the globe as above, hold he | 
h on . 


tes of the 
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have gueſſed 


- = exactly: but it does not, turn he 
globe ſlowly. packwards or forwards, 


„„ = ant lt Sag . time _ the night; the 
. degree of the horizon, cut by the qua- 
| grant, will. be the true a 
| 5 5 true altitude in the qua- 
FE 8 5 Which moment, +2 a com- 
\ »mpals: be et. ph: A 
| floor or level pavement, that the 
3 2 885 n he er, may have ha ſame 
* 5 = „ 


- 


along the courſe of the 
and an A end wire be placed in 
ſouthmoſt end of the line, 


” 


dow of the wire will fall. EE 
line, when the ſun is on the mn. 
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The d of the ——— 


ſaid mark comes to the eaſtertl fide of 
the horizon, to the braſen meridian, 
and to the weſtern fide of the horizon, 
the index will ſhew at what time the | 
planet riſes, comes to the meridian, 
and ſets, in the: ſame manner as i : 
would do for a Sxed tar. | 


25 PROBLEM K. | 
To + pl the phnowens of the — 


I — 4 b, we muſt pre- 
miſe the following things. 1. That 
as the ſan goes only once a year round 
the ecliptic, he can be but onee a year 
in any particular point of it: and that 
his motion 1s almoſt a degree every 24 
hours at a mean rate. 2. That as the 
moon goes round the eclij tie onee in 
27 days and 8 hours, ſhe advances 138 
degrees in it, every day at a mean rate. 

That as the ſun goes through part 
of the, ecliptic in the time. the moon 
goes round it, the moon cannot at any 
time be either in conjunction with the 
fun, or oppoſite to him, in that part 
of the ol — where ſhe was ſo the 
wilt time xefore ; but muſt travel as 
much 


4 


We U of the Celeſtial Globe: 


much forwander, as che fun has ad- 
"Ip vanced 1 in the ſaid time; which + 
291 days; makes — a whole ſign. 
Fberefore, 4. wen eee be but 
once à year te to. the ſun, in 
particular * the e 
That che moon is never full but when 
ſhe is oppoſite to the fun, becauſe 


at no dther time can we ſee all 
that half of her, which the ſun 


enllightens. 6. That when any point | 


of the echptic riſes, the o te point 
ſets. 2, e when wn rv by Op- 
to the fun, the muſt riſe at ſun 
That the different ſigns of the 

; 1 riſe at very different angles 
or degrees uf obliquity with the horizon, 
eſpecially in conſiderable latitudes; and 


that the ſmaller this angle is, the 


greater js the portion of the ecliptic 


3 that riſes — ſmall part of time; 
and vict verſa, 8. This, i in northern 


latitudes, no part of the ecliptic riſes 
at ſo ſmall an angle with the horizon, 


. as Piſces and Aries do; therefore, a 


* 


greater portion of the ecliptic riſts 2 


ou: Urs about theſe ſigns, than 


* This 3 is not e ſtrictly true, page the moon TON 
| keep in the ecliptic, but croſſes it twice every month, However 


e need not be regarded in a gensral explanation. 
2 2 5 about | 
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about any of the reſt. 9 That the Ft 


mbar can hever be fall fr Fer and 


Aries but in our autumnal: moriths, for 


at noother time of the year is the ſun. 
in the oppoſite ſigns Virgo and Eibra. 
- Theſe things premiſed, take 138 


degrees of the ecliptic in your compaſſes, 
and, beginning at Piſcer, carry that 
extent all round the ecli tie marking 
the plates with a chalk where the 


points of the eompaſſes ſueceffively fall. 


| So you wilt have the. moon's daily 


motion marked out for one compleat 


revolution im the ecliptic according; 
to $ 2 of the laſt paragraph: 


Rectify the globe for any ee 


northern latitude, (as ſuppoſe that of 
London) and then, turning the globe 


round its axis, obſerve how much of 
the - hour-circle the index has gone 
over, at the riſing, of each particular 
mark on the ecliptic; and yeu wilt 


find that ſeven of the marks (which | 


take in as much of . the ecliptic as the 
moon goes through in à week) will 
all riſe ſuceeſſively about Piſces and 
Aries, in the time that the index goes 
over two hours. Therefore, whilſt the 


moon is in Piſces and Aries, ſhe will 
5 not differ 1 in — above two hours in 


her 


The fe of the Celeftial Globe.” 


ker riſing for a whole week. But if 
you take notice of the marks on the 
oppoſite ſigns, Virgo and Libra, you 
will find that ſeven of them take nine 
hours to riſe; which ſhews, that when 
the moon is in theſe two figns, ſne 
differs nine hours in her riſing within 


the compaſs of a week. And fo much 


later as every mark is riſing than the 
ene that roſe next before it, ſo much 
later will the moon be of  rifing any 
day, than ſhe was on the day before, 
in the correſponding part of the heaven. 


The marks about Cancer and Capricorn 


riſe with a mean difference of time 


| between thoſe about Aries and Li br. 2. 


Now, although the moon is in 


Piſces and Aries every month, and 
therefore muſt riſe in thoſe ſigns 
within the ſpace of two hours later for 


a whole week, or only about 17 mi- 
nutes later every day than ſne did on 
the former; yet ſhe is never full in theſe 


figns, . but in our autumnal months 
Auguſt and September, when the ſun 


is in Virgo and Libra. Therefore, no 
full moon in the year will continue to 


riſe ſo near the time of ſun; ſet for a 
week or ſo, as theſe two full moons do, 
which fall in the time of harveſt. 


[ 
1 
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In the winter thanths, that mont ie in 
Piſtes and Aries about her firſt quarter; 
and as theſe ſigns riſe about noon in | 


winter, the moon's riſing in 2 
unobſerved. In the 
months; the moon changes — —5 
ſigns, and confequently riſes at the ame 
time with the ſun ; fo that it is impoſ- 
ble 10: fee ber at that time. In the 
ſummer months fe is in theſe ſigns 
about her third quarter, and riſes not 
untiſl mi 1t when her riſing is 
12 but very little taken notics of efpecrally 
as ſhe is on the decreaſe. But in thie 

ä —— 7 

In 8, and bem poſtte to 
the fun, the riſes 3 fam Jets 
, (or ſoon after) and thines all the night. 
In ſouthern latitudes, Vi be antł Li- 
bra kiſe at as ſmali an the hori- 
zen, as Piſces and Aries de in the nor- 
tern; and as our is at the time 
of their harveſt, it is plan their harveſt 
full moons muſt be in Virgo and Libra; 
and will therefore rife with as bttle 
difference of time, as outs do in * 
and Aires. + 
For a Saber weben etrthin matter, 
1 muſt refer the reader to my Aſtro- 
nomy, in which it is deſcribed at 
large. "PLD 
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apts | PROBLEM Xl. 


* bn e 


elt dad true  ſun-diats. 


tly equable, and thereby 


— apparent equable del the 


heaven 5 the ſame axis, 
7 poles of the heaven; 
It! 
celeftial equator. — over the meridian 


in equal parts of time, hecauſe the axis 


of the world is Lee to the 


If the ſun kept his annual cburfe in 


the” celeſtial equator, he would al- 


ways revolve from the meridian to 


the meridian again in 24 hours ex- 
actly, as neun e e al 


eleck. | 
But as . moves t n 


1— oblique both to the — | 
the equator and axis of the world, he 


cannot revolve: from the meri- 
dian to the meridian again in 24 equal 


hours; but ſometimes a little ſooner, | 
and at other times a little later, be- 


. S 4 . 


rence of time between well regulated 5 


eee nenen ee tears: being 


that equal portions of the 


And therefore, . 


9 


"The os 10 the cli 0b. 


cauſe equal portions of the ecliptic paſs 


over the meridian in unequal por of 
time, on account of its obliquity. 
And this difference 1 is the _ in all 


| latitudes 


To ſhew this by a eos uae ö 


chalk- marks all round the equator and 
ecliptic, at equal diſtances from one 
another (ſuppoſe ro degrees) beginning 

aàt Aries or at Libra, where theſe two 


circles interſect each other. Then 
turn the globe round its axis, and yon 


will fee hat all the marks in the 


quadrant of the ecliptic, or from the 


beginning of Aries to the beginning of 
Cancer, come ſooner to _ braſen 
meridian *' than their correſponding 
marks do on the equator : thoſe 

ſecond quadrant, or from — begin- 


e in the 


ning 2 Cancer to the beginning of 
Libra, come later: thoſe 1 in the third 
quadrant, from Libra to Capricorn, 
ooner ; and thoſe in the fourth; from 


Capricorn to Aries, later. But thoſe 
at the beginning of each quadrant 
come to the meridian at the ſame time 
with their correſponding marks © on the 


_ equator. 


Therefore, : whilſt the fans 1 15 in the 


_ firſt and third quadrants, of the eclip- 


tic, 


The Uſe of the Cele fat Glebe. 


tic, he comes ſooner to the meridia 5 
every day than he would do if he kept 


in the equator; and conſequently he is 
faſter than a well - regulated clock, 


which always keeps equable or equato- : 
rial time: and whilſt he is in the ſecond 


and fourth quadrants, he comes later 


to the te gg day than he would 
do if he kept in the equator; and is 
therefore one ho the clock. But 1 5 


at the beginning of each quadrant, 
the ſun and clock are equal. 


And thus, if the ſun moved _ 


Is the ecliptic, he would be equal wi 
the clock on four days of the year, 
which would have equal intervals of 


time between them. But as he moves 


faſter at ſome times than at others (be- 
ing eight days longer in the northern 
half of the ecliptic than in the ſouth- 
ern) this will cauſe a ſecond inequality; 


which combined with the former, a- 


riſing from the obliquity of the eclip- 

tic to the equator, makes up that dif- 
ference; wbich is ſhewn b a com- 
mon equation tables to T between 
good « 8 and true ſun-dials. 
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Row! to ufe it, "muſt be ſenfible that the 

machine here referred to, is of a very 
different, and much more advant 
conſtruction. And _— has ſeen 
the curious glaſs ſphere invented by 
Dr. Low, or the f igure of it in his 
Aftronomy, muſt know that the 


furniture of the terreſtrial globe in this 


machine, the form of the pedeſtal, and 
the manner of turning either the 


earthly globe, or the cireles which _ 
farround it, are all copied from the 
Doctor's glaſsſphere; and that the only 


e is, a parcel of rings inftead 
of a glaſs celeſtial globe; and all the 
additions are a moon within the ſphere, 


ici cle 55 the Fan 


VER. 


£ 
— Armillary Sphere. | 5 : | | il ; 


* ——— his Ne a common 
V armillary ſphere, and underſtands 
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equinoctial points Aries and Libra, in 


Of the Armillary Sphere." 


The exterior parts of this machine 
are a compages of braſs rings, which 


repreſent: the : principal circles of the KA | 
heaven, viz. 1. The equinoctial & A. 


which is divided into 360 degrees (be- 
ginning at its interſection with the 
ecliptic in Aries) for ſhewing the 
ſun's right aſcenſion in degrees; and 
alſo into 24 hours, for ſhewing his 


right aſcenſion in time. 2. The 


ecliptic B B, which is divided into 12 
ſigns, and each ſign into 30 degrees, 
and alſo into the months and days of 
the year; in ſuch a manner, that the 
degree or point of the ecliptic, in 
which the ſun is, on any given day, 
ſtands over that day in the circle of 


months, 3. The tropic of Cancer CE, 
touching the ecliptic at the beginning 
of Cancer in e, and the tropic of Capre- 
corn D D, touching the ecliptic at the 


beginning of Capricorn jn /; each 233 


degtees from the equinoctial circle, 4. 


The arctic circle E, and the antarctic 
circle F, each 23 degrees from its 
reſpective pole at N and S. 5. The 
equinoctial colure GG, paſſing through 
the north and ſouth poles of the hea- 
ven at N and &, and through the 


the 


( 


nodes ſhift in the heaven, 


the latter, from the ecliptic at e 8 
e 


Of the Armillary Spberr. 


the ecliptic. 6. The ſolſtitial colure-HH, 
paſſing through the poles of the hea- 


ven, afid through the ſolftitial points 


Cancer and Capricorn, in the ecliptic. 
Each quarter of the former of theſe co- 
lures is divided into go degrees, from the 
equinoctial to the poles of the world, 
for ſhewing the declination of the ſun, 
moon, and ſtars; and each quarter of 
to its poles 6 and d, for thewing 
latitudes of the ſtars 
In the north pole of the ecliptic is 
a nut 5, to which is fixed one end of 


a quadrantal wire, and to the other 
end a ſmall ſun Y, which is carried 
round the ecliptic B B, 


| by turning the 
nut: and in the ſouth pole of the e-' 


cliptic is a pin at d, on which is ano- 


ther quadrantal wire, with a ſmall 
moon Z upon it, which may be mov- 
ed round by hand: but there 1s a par- 


ticular contrivance for cauſing the 


moon to move in an orbit which croſ- 
ſes the ecliptic at an angle of 5: degrees, 
in two 1 points called the moon's 
nodes; and alſo for ſhifting theſe points 
backward in the ecliptic, as the moon's 
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all round its outermoſt eiige, within 
which are the points of the compaſs, 
for ſhewing the amplitude of the fon 
and moon, both in degrees and "Th 
e 


Of the Are Hory Sphere. | 
Within theſe circular ring s is a (mall 


- terreſtrial globe I fixt on an axis K K, 


which extends from the north and 


Þ ſouth poles of the globe at x and s, to 


thoſe of the celeſtial ſphere at and 
S. On this axis is fixt the flat celeſtial 


- meridian L L, which ma — ſet di- 


rectly over the meridian o place 


on the globe, and then turned wrt ne 


with the globe, ſo as to kee over the 
by optical = upon it. This Hat meri- 


dian is graduated the ſame way as the 
braſs meridian of a common gebe, and 
its uſe is much the fame. To this globe 
is fitted the moveable horizon MM, *. 


fo a to turn upon two ſtrong wires 


ng from its eaſt and weſt points 


to the globe, and entering the globe at 


oppoſite points of its equator, which 


is 2 moveable braſs ring let into the 


globe in a groove all around its equator. 
The globe may be turned by hand 


within chis ring, ſo as to place any 


given meridian upon it, directly under 
the celeſtial meridian I 2. The 
horizon is divided into 360 degrees 


The celeſtial metidian L. L. 
through two notches in the 


ſouth points of the horizon, as. ina 
common globe: but. here, if the globe 
de turned round, the horizon and 
meridian turn with it. At the ſouth 
pole of the ſphere is a circie of 24 
ours, fix t to rings, and on the 
round that 


axis is an index which goes 


circle, if the globe be turned an 
its axis. 


The whole fabrick is fa; 


on 2 


. may be lem. or 


depreſſed upon the joint O, to amy 
7 9 om o to go, by 


means of the are P, which 1 Krell 


into the ſtrong braſs arm &, and ſlides 


in the upright piece R, in which is 


a fre at's, to fix it at any proper ele- 
vation. 

2 the box T are two wheels.(as in 

Dr. Long's ſphere) and two pinions, 

whoſe axes come out at / and U; either 

of which may be turned by the {mall 

winch W. When the winch is put up- 


on the axis V, and turned backward, | 
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the terreſtrial globe, with its horinon 


and celeſtial meridian, keep at reſt; 
and the whole ſphere of circles turns 
c dee cal by fouth, 'to- weſt 


7 8 * 
» 
U 
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the ſun 2 and moon 2, 


—— ſame way, and cauſing them 


to riſeabove and ſet below the horizon; 
But when the winch is put upon the 
axis U, and turned forward, the ſphere 
with. the ſun and moon keep at reſt; 
and the earth, with its horizon and 


meridian, turn round from weſt, by 


ſouth to caſt; and bring the ſame points 


of the horizon to the ſun and moon, 


to which theſe bodies came when the 
earth kept at reſt, and they were car- 
ried round it; ſhewing that they riſe 


and fet in the ſame points of the ho- 


rizon, and at the ſame times. in the 


hour circles, whether the motion be in 


the earth or in the heaven. If the 
earthly globe be turned, the hour- in- 
dex goes round its hour- circle; but if 


the ſphere be turned, the hour- circle 


goes round below the inden. 
And ſo, by this conſtruction, the 

machine is equally fitted to ſnew either 

the real motion of the earth, or the 


apparent motion of the hearen. 


Io rectify the ſphere for uſe, firſt 
ſlacken the {crew y in the upright ſtem 
R, and taking hold of the arm Q, move 
it up or down until the given degree 
of _ for 33 * be at the _ | 

x of 
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of the ſtem R; and then the axis of 
tze ſphere will be properly elevated, 

ſo as to ſtand parallel to the axis of 
the world, if the machine be ſet north 
done, count the latitude from the 


north pole, upon the celeſtial meridian 


LL, down towards the north notch 
of the horizon, and ſet the horizon to 


that latitude ; then, turn the nut þ un- 


til the ſun comes to the given day of 


the year in the ecliptic, and the ſun, 


will be at its proper place for that day: 


find the place of the moon's aſcend- 
ing node; and alſo the place of the 
moon, by an Ephemeris, and ſet them 


right accordingly: laſtly, turn the 


winch V, until either the ſun comes 
to the meridian LL, or until the me- 
ridian comes to the ſun (according as 


you want the ſphere or earth to move) 


and ſet the hour-index to the XII, 
marked noon, and the whole machine 
will be rectified. Then turn the winch, 


and obſerve when the ſun or moon 
riſe and ſet in the horizon, and the 


hour- index will ſhew the times there- 
of for the given day. 1% 


As. 
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ALIZF ef the APPARATUS on which 

Mr. FxxGuson reads his Courſe of Twelve Lectures 

ps . on Machines, Hydro Matic, Hydraulics, Pueumatics, 
. 3 Dialing, and Aronomy. | 


| (The eee ere read the Machinery, 
= to eee e 
Ii I E machines for demonſtrating the powers 
+ of the Lever, the wheel and Axle, the Inclined 
Plane, the Pullies, the Wedge, and the Screw. 
A compound Engine, in wie al theſe ra. 
work together. 
5 A working model of the great Crane at Briflel, which 
is reckoned. to be the beſt Crane in Europe. 
A working model of a Crane that has four different 
powers, to be adapted to the different weight, intended 


to be raiſed : invented by Mrgg#erguſen. | 
A Pyrometer that makes expanſion of metals 


by beat e of an 
inch. 1. | e 


Simple W for ſhewing the center ie gy 
of bodies, and how much a tower may: incline without 
danger of falling. | 
| A double Cone that ſeemingly rolls uphill of wel, 
x whilſt it is actually deſcending, | 
A machine made in the figure ofa man, that tum- 
bles backward by n overſetting ts center of 


Sera 
me Aa 2 Models 
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Models of wheel-cartiages ; N with broad wheels, 
others with narrow; ſome with large wheels, others 5 
with ſmall: for 8 experimentally WA vet is 
the beſt. 

18 A machine 0 what degree A 
ſufficient to draw a lpaded cart or waggon up hill; 
when the quantity of weight to be drawn up and the | 
| angie of the hill's height, are known. * 

A model of à moſt curious Silk-reel, invented > 
Mir. Ferrier near Wrington in Somer ſetſhire., 

A 2 1 as of a water-mill we eng 

A model of a hand- mil, for grinding corn: 

A model of a water-mill, for winnowing and grinding 
com, drawing up the facks, and boulting the flour. 
A machine for demonſtrating that the power of the 
wind on wind mill fails, is as wE ſquare'of as: rg 
of the wind. OI _ - 

A working model of the Engine by which the piles 
were driven, for a foundation tc to the pins of Mafia 
Bridge | 


"2 


A machine "os ſhewing that Fluids weigh as much 
in their own Elements, as they do in Air. 9 
A machine for ſhewing that, on equal bottoms, the 
preſſure of fluids is in proportion to their perpendicular 
heights, be their: quantities ever ſo great or ever ſo ſmall. 
| | Machine 


” 
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Machine ve ovine eee equally in all 
manner of directions. 

A machine for ſhewing 8 an opiate of water ina 
tube may be made to raiſe ſixteen pound weight of lead. 
A machine for ſhewing,. that, at equal heights, the 
- ſmalleſt quantity of water will balance the greateſt 
quantity whatever, if the columns join at bottom. 

A machine for ſnewing how ſolid lead may be made 
to ſwim in water, and the lighteſt wood to fink therein. 
Machines for demonſtrating the Hydroſtatical Para- 
A machine for demonſtrating that the quantity of 
water diſplaced by a ſhip is 1 5 to the whole weight 
of theſhip and cargo. | 

Machines for ſhewing the working of 8 yphons, and 5 
the Tantalu cup _ 
Alarge machine for thewing the cauſe and 8 
of ebbing and flowing wells, 2 and of mer witting and 
| ee ä 

Machines for ſhewing, that when ſolid bodies are 
immerſed and ſuſpended in fluids, the ſolid loſes as 

much of its weight as its bulk of the fluid weighs; 


and that the 9 loſt mT the fold 1 Is e to the 
fluid. 1 4 


K hydroſtatic balance, 1 1 the 3 gra- 
vities of — and detectin 8 counterfeit gold or ſilver. . 
A workin 
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ee 


A nn ee ef c qirat pump. 
Glaſs models for ſhewing the firudture and ra 


N wort ing model of the Penſan wheel er m 
and one of Mr. Blakey's Fire Engines. 
A Hero en ee pa by | FRO waters 
raiſed from the Hy | 
A his Woch af dle gent Lee ws Tad ; Bride 
chat goes by the gre ter _ _ water ci wy 
* F 
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8 
it, for experiments ton: the weight and i ſpring of 
dee 95 | oO TS os, 


An Electrical machine with a ms apparatus toe” 
ſhowing many experiments in EtcRticity. 
_ A fimple machine, by which" * bh principles of 
dialing are evident to fight” „ 
Several kinds of ſun dials. e eee 85 
A model of an aſtronomical Clock, tuning the 
apparent motions and times of riſing and ſetting of the 
Sun, Moon, and Stars; with doe. * and 
of the Moon, at all times, > 
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bsc of the Sun and Stars, with the times of thei 


riſing and wing, and the 3 of * 
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and are retained: in their orbits ; proving: the diurnal 
: nd e e ofthe Earth : and ſhewing why 
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A machine for thewing ihe motibris of the Eon 8 
An Orrery, ſhewing the real motions of the planets : 
round the Sun, and round their axes ; the apparent 
_ ſtations, direct and retrograde motions of Mercury 
and Venus, as ſeen from the Earth: the different 
lengths of days and nights, and all the viciflitudes of 
| ſeaſons: the motions and various phaſes of the Moon ; "= 
the harveſt Moon; the tides; the cauſes, times, and 
returns of all the Eclipſes of the Sun and Moon: the Ws 
Eclipſes of Jupiter's ſatellites, =_ the Poms, | 
of Saturn's ring. 5 
In London, any number of 5 not lels a 
N who will ſubſcribe one gn each, 


Es 
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may have a courſe of twelve lectures jen; on he 
above mentioned machinery, provided they agree 
to have at leaſt three lectures a week; in which, they 
may appoint the days and hours that are moſt con- 
venient for themſelves. 

Within ten miles of London, any number not leſs 

chan thirty, may have a courſe ; e ere ' paying | 
one guinea, And. | 

Within a hundred miles of Les any number 
of ſubſeribers, not leſs than ſixty, 5 have a "OR; 5 
each paying as above. 

Any where out of London, the ſubſeribers are to 


attend the lectures every 7 of the We ww 
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' DRAWING in PERSPECTIVE 


MADE EASY 


To thoſe who have no previous KxOwLEDOE of 


the MATHEMATICS, 


ILLUSTRATED WITH PLATES. 
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6 The flowing is the 3 Wons of the Kind « ever | 
offered to the PuBLIC. 


1 9 * CounTrIes of the Knows s Wontn, 
ET up enrol 
5 7 OSLO DES. 
In Two AO Vor UEG, 8vo. Pries only #35. bound. : 
1 printed on FIN R PAPER, and illuftrated with | 
large and complete Maps of the World, Europe; North- 
America, South-America, England, Ireland, Scotland, 
Sweden, Denmark and Norway, Ruſſia, France, Spain 
and Portugal, Italy, Aſia, Eaſt-Indies; Africa, Weſt- 
Indies, &c.——Allo, | 
Views of Paris, Vienna, Berlin, and other Capital Gilles, - 
A New and Univerſal 


GEOGRAPHICAL | GRAMMAR: 


' COMPLETE SYSTEM « OF GEOGRAPHY. * 


Containing the ancient and preſent State of all the 
Erms, KINGDOM, "STATES, and REPUBLICS, 
Is TEE KNOWN WORLD: 
Their Dimenſions, Hiſtory, Climate, Soil and Produce, 
Manufactures, „ Trade, C ommerce, Colonies, Conſtitu- 
tions, Revenues, Forces by Sea and Land, Rivers, 
Farbours, Lakes, Cities, Principal Towns, Univerſities, 
Curious Structures, Ruins, Antiquities, Curiofities, 
OE ny OO Y 
ine C,——— The Genius, Language ing, 
| Manners, Cuſtoms, and Habits af the Stants. - £ 
And a ſuccin& and eaſy Introduction to the ſcientifie Parts of 
GEOGRAPHY: explaining the true Syſtem of the World; 
the Doctrine of the Sphere; the Figure, Magnitude; and 
Motion of the Earth ; the Uſe of the Globes; and the 
ay Uſe, and Conſtruction of Maps and C harts, | 


By E D ] AR D 7 O N E S. | 
HRE ABOVE WORK WITH n 


GUTHRIE's NEW GENERAL GAZETTEER, 
Are in themſelves a complete Gzocr ATHICAL LIBRARY. 
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A Ls Whole of Divine Rv LA ATION: rendered ebener 


FAMILY. 


Ju publ. e 


. ; from... LONDON, has 


3 bound, in One large Volume, Folio, beau- 
2 tifully ee on FINE PAPER, and illuſtrated with near 
ne 


* Drawings 3 Rubens 
&c. by the cel Sch - GRIGNION, and VIWACs: 


A NEW AND. COMPLETE. 
BIBL E: 


. CONTAINING, 

| The oLD and NEW TESTAMENT 
| r 

With NOTES and o | 


Wherein InTERPRETERS of the beſt 1 both 


IxEwisk and CHRISTIAN, are conſulted ; 
The different PassAGes clearly explained ; 


ContradiQtions reconciled ; Objections. of "a TS 


obviated ; the' e and: PARABLES Judiciouſly 
illuſtrated ; and 5 2 EEE 


and profitable to er Capacity. 


"pp the; Row: THOMAS ARCHER, M. i 


Aſſiſted by ſeveral learned and eminent Divixxs. 


2 It would be ſuperfluous to point out the very great 


Advantages this BiBLEt has over all Others; but any 
Perſon chooſing to purchaſe the beſt BisLE ever publiſhed 
in One Volume, may compare it with them, and give 
the Preference to that which deſerves it mot. 
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The W OR L 5 DISPLAYED; 


Or, a Currovs CoLLEtcTion of 


VOYAGES aw TRAVELS; 
Selected from the WxrTERs of all NaTIoNs. 


In 20 Vols. Price 21. 58. 6d. neatly bound, or 1s. TH 


the fingle Vol. ſewed. 
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undred _ per ores elegantly -engraved from 
: F Odds - Tintoret, ; 
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